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CARBON MONOXIDE ASPHYXIA: ARTIFICIAL RESPIRATION’ 


Ceci K. Drinker, M.D., Katruertne R. Drinker, M.D., 


Lovis A. SHaw, A.B., anp 


N a previous report (1) an effort was 

made to define the problems which 
must be met in providing resuscitation 
in cases of gas poisoning. An examina- 
tion of statistics gathered from the ex- 
perience of representative gas compa- 
nies and from hospitals showed: 

1. That patients poisoned by illumi- 
nating gas who eventually recover are 
practically invariably breathing slightly 
when first found. Exceptions to this 
may occur but they are rare. 

2. That rescue crews trained in the 
use of resuscitation apparatus apply the 
instrument carried by them if they be- 
lieve the condition of the patient to be 
poor, regardless of the respiration at the 
time. Thus, frothing at the mouth, 
stertorous or irregular breathing, and 
profound coma are apparently taken as 
indications that something must be done, 
ind the apparatus at hand is utilized, 
regardless of actual indications at the 
noment. 

“Report IIL of the Commission on Resuscita- 


nm from Carbon Monoxide Asphyxia. Received 
publication June 1, 1923. 


ALFRED ©. REDFIELD, PH.D. 


*) 


3. That 28 per cent. of serious cases 
of gas poisoning taken to hospitals have 
excess fluid in the respiratory passages. 

4. That, in a series of 860 cases of 
eas poisoning, pneumonia was diag- 
nosed as an eventual complication in 5.9 
per cent. of these cases and that it prob- 
ably occurred, but was undiagnosed, in 
a number of other instances. 

Artificial respiration is of two types, 
negative and positive. Negative pres- 
sure artificial respiration is provided 
by the various manual methods which 
have been devised. Of these the Sehater 
(2) prone pressure method is the best. 
In this method, as in the others, the 
operator compresses the thorax and, on 
release of this pressure, air is sucked 
into the alveoli as the chest expands to 
normal position. ‘The procedure re- 
sembles normal respiration in that the 
mechanical call for air is accomplished 
in the part of the lungs where the air 
ean be of use. 

Positive pressure artificial respira- 
tion is applied by various devices which 
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drive air into the lungs. Of commercial 
apparatus tor this purpose, the pulmo- 
tor and the lungmotor are the most wide- 
ly known and used, and were the in- 
struments employed in the cases covered 
by the previous report of the Commis- 
sion and referred to in the findings 
which have been listed. 

Certain questions which arose from 
study of the material in Report II (1) 
form the basis of the present report and 
are treated in the sections of which it is 


composed. 


.. Tue Errects or Postrive VENTILA- 
TION ON THE PRESSURE IN THE PUL- 
MONARY ARTERIAL SYSTEM 


If air is pumped rhythmically into the 
trachea of an animal, it is readily pos- 
sible not only to make the systemic blood 
pressure rise and fall with each respira- 
tion but also to foree the blood pres- 
sure to high and low mean levels. Hen- 
derson (3) and Dale and Evans (4) 
have shown that excessive artificial res- 
piration causes the blood pressure to fall 
to dangerously low levels in an exceed- 
ingly short time. These extreme effects 
are attributable to withdrawal of carbon 
dioxide, and do not enter the problem 
Lesser effects, how- 
ever, occur for purely mechanical rea- 


ot resuscitation. 


sons and it seems possible to us that, in 
the presence of low blood pressure, a 
further and dangerous lowering may re- 
sult from injudicious positive ventila- 
tion. igure 1 illustrates an experi- 
ment (AA 1) upon a eat anesthetized 
with urethane and ecurarized. In Trac- 
ine 1 the animal is receiving 625 c¢.c. of 
air per minute, at a rate of 47 strokes 
of an artificial respiration pump’ and 


The respiration pump employed in this experi- 
ment and to some extent in later experiments 
permits rapid changes in rate by gear shifts and 
in volume delivery by adjustments in length of 








with a maximum positive pressure of 30 
mm. of water. In Tracing 2 a shift has 
heen made so that the animal is receiv- 
774 ¢.c. of air per minute, at a rate of 24 
strokes of the pump and with a maxi- 
mum pressure of 60 mm. Tracing 3 ex- 
hibits the return to the original condi- 
tions operative in Tracing 1. In this ex- 
periment, the total volume of air moved 
varied only moderately. In order, how- 
ever, to keep it approximately level dur- 
ing the period of slower pump rate 
(Tracing 2), it was necessary to in- 
crease the air delivery per stroke—an 
adjustment which resulted in a doubling 
of maximal inflow pressure. 

This demonstration indicates clearly 
the subtlety of the problem of providing 
positive pressure ventilation without 
placing the animal at some disadvan. 
tage. Within any such limits of air flow 
as would be selected for physiological 
experimentation, the blood pressure usu- 
ally remains satisfactory, and in Fig- 
ure 1 it is not reduced to a dangerously 
low level. It requires very little obser- 
vation, however, to ascertain that for 
each animal there is an optimum stroke 
and rate of air delivery, judged by 
maintenance of blood pressure. This op- 
timum condition is not necessarily at- 
tained by imitating, in terms of positive 
pressure ventilation, the rate and vol- 
ume of normal negative pressure venti- 
lation operative in the animal just prior 
to such a maneuver as curarization. 
Factors such as the rigidity of the 
chest, abdominal distention, and mus. 
cular tone, all play a part in determining 
the proper adjustment of artificial res- 
piration apparatus so as to insure de- 
livery to the alveoli of a suitable amount 
of air under minimal delivery pressure. 
The ideal amount of air and pressure 





stroke, and will maintain constant air deliveries 
within ordinary limits of pressure for long periods 
of time. Expiration is passive. 

J.1.u 
Aug., 192 
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will, of course, differ in value for each 
inimal and for each person. ‘The ex- 
»lanation of these rapid changes in mean 
blood pressure, as a result of changes 
in ventilation pressure, depends, in the 
main, upon interference with cardiac 
filling because of an increased intra- 
thoracic pressure. 

In a recent study upon The Effect on 
the Circulation and the Lungs of Dif- 
ferent Mechanical Methods of Resusci- 
tation, in which positive pressure and 
suction apparatus (the pulmotor and a 
somewhat similar machine, the Brat ap- 
paratus) were tested upon human be- 
ines, Bruns and Schmidt (5) came to 
the following conclusions : 


In respiration through positive pressure 
and suction methods, as provided by the 
pulmotor and the Brat apparatus, the physi- 
ological relationships are changed so that 
during the mechanical inflation of the lungs 
the total pulmonary vascular bed is nar- 
rowed and the venous blood is stagnated in 
the periphery, as we see it in severe cases 
of heart disease. 

The suction of air from the lungs which 
follows does not improve this circulatory dis- 
turbanee. The peripheral venous system be- 
comes even more congested. 


The authors arrived at these conclu- 
sions by plethysmographic and venous 
pressure measurements during use of 
the two instruments mentioned. Our ex- 
periments upon animals make the situa- 
tion even more graphic. 

As positive pressure artificial respira- 
tion becomes excessive, a second ecircu- 
With each ex- 
‘essive inflation of the lungs, the pul- 


latory factor appears. 


monary capillaries are compressed and 
ie pulmonary arterial pressure is 
reatly increased. This means that a 
cavy load is thrown rhythmically up- 
n the right ventricle. In the healthy 
rganism under good conditions this 
ay do little damage, but the heart of 


: 





the gassed individual is not necessarily 
normal. 

Zondek (6), through X-ray studies, 
has shown that illuminating gas poison- 
ing produces cardiac dilatation in rab- 
bits. He did not find this condition in 


pina npt merit har ig 





1 2 3 


Fic. 1.—Tracings illustrating the effect on blood 
pressure of increasing the maximum pressure un- 
der which air is delivered, the total ventilation per 
minute being kept approximately the same. 


the more muscular hearts of cats but his 
method of examination disclosed only 
extreme degrees of change. Dilatation 
and myocardial degeneration following 
eassine (7) have frequently been ob- 
served in man, and it is undoubtedly the 
ease that, as the anoxemia of gas pol- 
soning progresses, the right ventricle 
faces the possibility of increasing in- 
ability to cope with undue stress. 

In view of such a _ possibility, the 
question occurred to us as to the effect 
upon a right ventricle, weakened by 
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gassing, of a sudden period of injudi- 
clous artificial respiration with a posi- 
tive pressure respiration device. In or- 
der to test this matter, we employed, as 
positive pressure respiratory devices, 
the motor-driven pump previously de- 
scribed; the lungmotor,? which typifies 
a simple style of resuscitation device 
operating through positive pressure and 
entirely under the control of the opera- 
tor; and a pulmotor® of the original 
type, reversing automatically. We have 


2The lungmotor consists of two simple pumps, 
mounted upon a common base and provided with 
intake and output valves. Air, or any desired gas 
mixture, is delivered to an inlet tube in a face 
mask by one of these pumps and is withdrawn 
through a second tube by the companion pump. 
The apparatus is extremely simple and well con- 
structed. The length of the stroke of the pump 
can be altered so as to deliver different amounts of 
air. The amounts of air delivered at the various 
strokes for which the pump can be set are sup- 
posed, if given at the rates designated, to meet 
the needs of individuals of different ages and sizes. 
We have found the pump to deliver less air 
per stroke than the amount advertised. While 
this failure to reach the advertised output should 
be recognized, it is not of great importance since 
the volumes of air supplied at the different strokes 
and rates indicated are still in excess of the 
amounts required by resting individuals of the 
ages and = sizes specified, provided all the air 
reaches the lungs. 

Owing to the fact that the two pumps com- 
municate through the face mask, excess pressure 
development is prevented, though not so complete- 
lv as we were led to believe. The prevention of 
excess pressure is accomplished by the fact that 
When a positive pressure in the neighborhood of 
) to 100 mm. He is developed, the expiratory 
Valve opens and, similarly, with a negative pres- 
sure of TO mm, Hg, the inspiratory valve opens 
and prevents further negative pressure effects up- 
on the lungs. 

‘The pulmotors at present in use consist of two 
general types, the first (Type A) being the original 
form which supplies oxygen mixed with air. This 
machine, through an ingenious mechanism, shifts 
from air delivery to air withdrawal when a cer- 
tnuin delivery pressure is reached. To operate ef- 
fectively this reversal must not occur until the 
lungs are inflated, but such an ideal result is not 
attnined unless there is absolutely no obstruction 


to inflow. In the event of obstruction, reversal 
pressures are reached very rapidly and the alve 
oli remain wunintlated The second type of pul 
motor (Type B) substitutes positive pressure for 
suction, at the will of the operator. It offers a 


complicated method for doing what is accomplished 
very simply by the lungmotor, and any objections 
to the latter instrument apply with greater em- 


phasis to this variety of pulmotor. Both types 
of pulmotor may be operated by compressed Oxy 
gen or air. In Type B compressed air is ordinari 





purposely established radical conditions 
of experimentation since the point to be 
tested was whether or not intemperate 
use of positive pressure respiration 
could suddenly overtax a heart already 
damaged by a period of gas poisoning. 


Gassing Experiments 


In experiments concerned with the ef- 
feets of gassing upon the circulation, 
‘vats have been used as test animals, 
since previous work on cats in this lab- 
oratory has acquainted the authors with 
technical methods of preparation which 
enable an investigator to measure, with 
ereat readiness and at the same time, 
the various factors thought to be of im- 
portance in the situation under examina- 
tion. The analysis of a single experi- 
ment will illustrate the work accom- 
plished. 


ProrocoL 1.—Experiment 9. A eat 
weighing 3 ke. was anesthetized with ure- 
thane (2.5 gm. per kilogram). The heart was 
exposed in the manner illustrated in a for- 
mer publication (8). A eardiometer, shipped 
over the ventricles, was connected with a 
delicate volume recorder by means of which 
Reecrd a, Figure 2, was written. Respira- 
tion, recorded by means of a sensitive pneu- 
mograph and tambour, is shown in Record / 
in the same figure. Record ¢ is the femoral 
blood pressure recorded with a mereury 
manometer, and Record d is the pressure 1n 
the pulmonary artery. For this last meas 
urement, a special cannula (9) and a mem- 
brane manometer were employed. <A_ time 
marker writine three-second intervals (Ree- 
ord e) completes the figure. 

Artificial respiration through a_ trachea! 
cannula is necessary during exposure of the 
heart, but after closure of the thorax with 
the pericardium, the animal is allowed to re 
sume natural breathing. Tracing 1 (Fig. 2 
indicates the conditions under which inhala 
tion was begun of air mixed with Boston 11 
luminating gas, so diluted as to give 60 to 





ly supplied by a pump which is worked by hand 
The lungmotor is operated by hand like an ord! 
nary automobile tire pump. 
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65 parts of carbon monoxide in 10,000 parts 
f air. Tracing 2 shows the state of affairs 
fter two minutes’ gas inhalation; Tracing 
3. after five minutes’ gassing; Tracing 4, 
after seven minutes’ gassing and during the 
yeriod of cessation of respiration, At mark 
| (Tracing 4) on the base line for pulmonary 
terial pressure, the gas inhalation tube was 
liseconnected, and at mark 2 artificial respira- 
tion with the lungmotor was begun. The in- 


i 
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and then finally at 15 strokes. At the rate 
of 20 strokes, the maximum pressure of air 
delivery was 46 mm. He and the negative 
pressure on withdrawal, 32 mm. Hg. The 
large ventilation employed steadily lowered 
the systemic blood pressure, and under the 
maximum positive pressure the pulmonie 
blood pressure became 30 mm. He. 

A short period of ventilation under the 
conditions existing at the beginnine of the 
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Fic. 2.—The heart volume (a), respiration 


6 


(Db), systemic blood pressure (¢), and pulmonary 


arterial pressure (d) in a cat during poisoning with illuminating gas and resuscitation with the lung- 


motor. The lowest line (e) indicates three-second 


strument, set at the smallest possible stroke, 
delivered 74 ¢.c. of air per stroke, and was 
operated at a rate of 20 strokes per minute. 
The maximum air pressure developed on in- 
spiration was 20 mm. Hg, while a negative 
pressure of 4 mm. He was attained on air 
withdrawal. The ventilation thus provided 
is somewhat excessive for the cat. Under its 
influence the cardiae dilatation, which exist- 
ed when artificial respiration was begun, dl- 
minished markedly. The pulmonic — blood 
pressure, which had been maintained at a 
very constant mean level of 12 mm. Hg, 
showed little or no mean pressure change. 
\fter conditions had become stabilized, the 
Haximum pulmonic blood pressure attained 

the height of the inspiratory stroke of the 
pump was 20 mm. Hg. 

At this point the lungmotor was sh'fted 
through two further increases of stroke. The 
rst Increase gave 179 ¢.c. of air per stroke, 
vith a maximum positive pressure of 28 mm. 
nd a negative pressure of 10 mm. Hg, the 
ite of the pump being 20 strokes per min- 


te, (Under this extreme ventilation, sys- 
‘mie hlood pressure fel] and pulmonie blood 
ressure rose to 27 mm. He. Tracing 5 in- 


cates the final inerease in ventilation. 283 
¢. of air per stroke, at 2O strokes per minute 





intervals, 


artificial respiration next followed, at the 
end of which the lungmotor was removed. The 
animal at once breathed naturally, his heart 
size and his systemic and pulmonic blood 
pressures returned to their original values. 
A second period of gassing was next given 
and the experiment was repeated. Tracing 6, 
taken after respiration had failed from the 
second gassing and the lungmotor had again 
been applied, shows the effeet of disconnect- 
ing the suction tube from the lunemotor and 
of occluding the air exit of the tracheal can 
nula. Under circumstances such as_ these, 
each positive stroke throws air into the lungs 
and there is no way for it to escape. Such a 
maneuver, if carried to extremity, shuts off 
the flow of blood from the mght to the left 
ventricle, and resulted, in this experiment, In 
a prompt fall in systemic blood pressure and 
arise in pulmonie pressure to a height of 68 
mm. Hg. This radical procedure was opera- 
tive during 5 strokes of the pump but, as 
is evident in the tracing, was not fatal. 


As a whole, the experiment illustrates 
the readiness with which pulmonic blood 
pressure follows increases in ventila- 


tion but even with the extreme measures 
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used, heart failure did not occur. This 
was probably due to the fact that inflow 
of blood into the right ventricle is re- 
duced as artificial respiration becomes 
excessive. As a consequence, very high 
pulmonic blood pressures are only mo- 
mentary, the mean pulmonic pressure 
remaining nearly normal. We have 
found it impossible to obtain long-con- 
tinued gassing’ in anesthetized animals. 
In acute gassing, we have repeatedly 
seen heart block as recently deseribed 
by Haggard (10)—-indeed, in the experi- 
ment cited, heart block occurred shortly 
before the second tailure of respiration 

but in all cases our results were neell- 
eible as far as immediate critical dam- 
age from excessive air pressure Was con- 
eerned. 

In order to test the immediate effects 
of excessive positive pressure ventila- 
tion under conditions more nearly ap- 
proaching those attending gassed per- 
sons, we subjected animals to prolonged 
vassing by air diluted with illuminating 
gas so as to give 20 parts of carbon 
monoxide in 10,000 of air. This pro- 
eedure was tollowed by cannulation of 
the trachea and of the femoral artery 
When the gassed animal had become 
protoundly unconscious. For example, 
at 10.18 a.m., a cat was placed in an at- 
mosphere of air containing 20 parts otf 
carbon monoxide in 10,000. At 5.10 P.M., 
the concentration of carbon monoxide in 
the atmosphere was raised to 30 parts 
in 10,000 of air. At 3.52 p.m, the ani- 
mal was removed, the trachea and the 
femoral artery were quickly cannulat- 
ed, and the cat was again allowed to 
breathe the air-gas mixture used at the 
beginning of the experiment. At 4.14, 
breathing havine ceased, the lungmotor 
was employed under extreme conditions 
of ventilation pressure, without causing 
immediate death by heart failure. 


The pulmotor proved equally innocu- 











ous in causing damage from excessive 
air pressure. It seems justifiable, there- 
fore, to eonelude that while positive 
pressure ventilation, even with mod- 
erate amounts of air, may cause large 
percentile increases in maximum pul- 
monary blood pressure—increases which 
become extreme if the ventilation 
is foreed—nevertheless, no sudden dam- 
age 1s done to the gassed heart which 
was normal before gassing began. Since 
carbon monoxide can undoubtedly pro- 
duce myocardial changes, it 1s possible 
that the use of positive ventilation ap- 
paratus in the hands of excited and 
poorly trained persons might add a 
strain which would be immediately de- 
structive in the case of hearts previous- 





ly diseased. This is not, however, a 
problem susceptible of satistactory ex 
perimental analysis. 

Positive pressure ventilation has been 
accused of causing lung rupture. We 
have tested for this repeatedly, opening 
the chests of animals with eare and im 
mersing the lung's in water with artifi- 
cial respiration in progress, and have 
not found alveolar rupture. Here again, 
experiments can only apply to normal! 
lungs. We know that spontaneous pneu- 
mothorax is a not intrequent occur- 
rence in individuals who have given no 
outward signs of disease, but the gen- 
eral opinion seems to be that such an 
occurrence always denotes pre-existent 
lung damage. The possibility that posi 
tive ventilation might rupture a diseased 
lung can never be safely dispelled by 
animal experimentation. Human lungs 
are rarely as sound as those of healthy 


does and eats. 


Il. Tue Errecr or PostriveE PRESSURE 
VENTILATION IN Disrriputina INFECT- 
ep MATERIAL THROUGHOUT THE LUNGS 


Victims of gas poisoning frequently 


J. 1. H. 
Aug., 192 
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exhibit symptoms of pulmonary edema 
ind, as has been shown (1), more than 
a quarter of those treated in representa- 
tive hospitals give signs of having in- 
creased amounts of fluid in the respira- 
‘ory passages. Since the possession of 
apparatus for artificial respiration ap- 
parently engenders an irresistible im- 
pulse in rescuers to use this apparatus, 
eyen when gassed individuals need no 
assistance in breathing, it is evident 
that persons unconscious from gas pol- 
soning’, in whose tracheas material is 
bubbling, must frequently be exposed to 
the possibility that the positive blast of 
air will throw bits of infected mucus 
broadeast through the alveoli. It has 
proved impossible to obtain statistics 
upon the incidence of pneumonia in 
vassed cases treated with the pulmotor 
or with the lunemotor as contrasted with 
those treated in other ways. Lacking 
such evidence, we have attempted to in- 
vestigate the degree to which a positive 
blast of air will force finely divided sub- 
stances into the depths of the lungs. 

It is worth while, first of all, to 
realize the ease with which very large 
amounts of material can slip into the 
lunes during states of unconsciousness. 
[lolscher (11), in a careful investiga- 
tion of the causation of post-operative 
pneumonias, showed that in etherized 
rabbits, cats, and dogs infected mucus 
placed in the trachea caused broncho- 
pheumonia in dependent parts of the 
ungs. That is, if the animal was upon 
ts back, infection might be upon either 
side; if turned to the right, infection 
vas upon the right side, and so on. 
‘hese observations were preceded by a 
erles of dye-stuff injections which gave 

similar distribution. More recently, 


Mullin and Ryder (12) have shown that 
ispensions of carbon and of tubercle 
acilli dropped into the noses of rabbits 
uter the lungs with the greatest ease. 





Corper and Robin (13) have extended 
these observations still further and have 
shown how readily one may direct fluid, 
placed in the nose or mouth, into dif- 
ferent parts of the lungs by simply al- 
tering the position of the animal. Such 
observations as these indicate that an 
individual in prolonged unconsciousness 
from gas poisoning is fairly certain, if 
lying upon his back, to experience the 
entrance of mouth material into the 
posterior and dependent parts of the 
lower lobes. Will this apparently in- 
evitable ingress of infected material be 
assisted or made more widespread 
through the action of positive ventila- 
tion? 


Experiments upon Distribution of Ma- 
terial during Positive Pressure 
Ventilation 


A preliminary set of experiments with 
India ink in urethanized cats verified 
the findings of previous observers. Ma- 
terial of this sort, introduced into the 
mouth or trachea without pressure, 
flows into the lungs as readily as if 
poured into a bottle. When animals were: 
arranged so that the lungmotor operat- 
ed during and after the injection, it 
seemed to us that the material was 
somewhat more disseminated than in 
animals which breathed naturally dur- 
ing the procedure. In order to obtain 
results of a more quantitative nature, 
the following procedures were under- 
taken. A suspension of very finely di- 
vided manganese dioxide was used in- 
stead of the ink. This permitted chem1- 
‘al quantitation, in terms of manganese, 
of the amount of material reaching the 
lunes. In order to make this suspen- 
sion simulate mucus, it was diluted one- 
half with egg white. Under such cir- 
cumstances, the final suspension would 
run slowly through a syringe needle of 
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used, heart failure did not oecur. This 
was probably due to the fact that inflow 
of blood into the right ventricle is re- 
duced as artificial respiration becomes 
excessive. As a consequence, very high 
pulmonic blood pressures are only mo- 
mentary, the mean pulmonic pressure 
remaining nearly normal. We_ have 
found it impossible to obtain long-con- 
tinued gassing in anesthetized animals. 
In acute gassing, we have repeatedly 
seen heart block as recently deseribed 
by Haggard (10)—indeed, in the experi- 
ment cited, heart block occurred shortly 
before the second failure of respiration 

but in all cases our results were negell- 
eible as far as immediate critical dam- 
age trom excessive air pressure was con- 
cerned. 

In order to test the immediate effects 
of excessive positive pressure ventila- 
tion under conditions more nearly ap- 
proaching those attending gassed per- 
sons, we subjected animals to prolonged 
vassing by air diluted with illuminating 
vas so as to give 20 parts of carbon 
monoxide in 10,000 of air. This pro- 
eedure was followed by cannulation of 
the trachea and of the temoral artery 
When the gassed animal had become 
protoundly unconscious. for example, 
at 10.18 a.m., a cat was placed in an at- 
mosphere of air containing 20 parts of 
carbon monoxide in 10,000. At 5.10 P.M., 
the concentration of carbon monoxide in 
the atmosphere was raised to 50 parts 
in 10,000 of air. At 3.52 p.m., the ani- 
mal was removed, the trachea and the 
femoral artery were quickly cannulat- 
ed, and the cat was again allowed to 
breathe the alr-gas mixture used at the 
beginning ot the experiment. At 4.14, 
breathing having ceased, the lungmotor 
Was emploved under extreme conditions 
ot ventilation pressure, without causing 
immediate death by heart failure. 


The pulmotor proved equally innocu- 








ous in causing damage from excessive 
air pressure. It seems justifiable, there- 
fore, to econelude that while positive 
pressure ventilation, even with mod- 
erate amounts of air, may cause large 
percentile increases in maximum _ pul- 
monary blood pressure—increases which 
become extreme if the ventilation 
is foreed—nevertheless, no sudden dam- 
age is done to the gassed heart which 
was normal before gassing began. Since 
‘carbon monoxide can undoubtedly pro- 
duce myocardial changes, it is possible 





that the use of positive ventilation ap- 
paratus in the hands otf excited and 
poorly trained persons might add a 
strain which would be immediately de- 
structive in the case of hearts previous- 
ly diseased. This is not, however, a 
problem susceptible of satisfactory ex- 
perimental analysis. 

Positive pressure ventilation has been 
accused of causing lung rupture. We 
have tested for this repeatedly, opening 
the chests of animals with care and im- 
mersing the lungs in water with artifi- 
cial respiration in progress, and have 
not found alveolar rupture. Here again, 
experiments can only apply to normal 
lungs. We know that spontaneous pneu- 
mothorax is a not intrequent occur- 
rence in individuals who have given no 
outward signs of disease, but the gen- 
eral opinion seems to be that such an 
occurrence always denotes pre-existent 
lung damage. The possibility that posi- 
tive ventilation might rupture a diseased 
lung can never be safely dispelled by 
animal experimentation. Human lungs 
are rarely as sound as those of healthv 


dogs and eats. 


Il. THe Errecr or PostriveE PRESSURE 
VENTILATION IN Disrriputine INFEcT- 
ED MATERIAL THROUGHOUT THE LUNGS 


Victims of gas poisoning frequently 


J. 1. H. 
Aug., 192¢ 
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exhibit symptoms of pulmonary edema 
ind, as has been shown (1), more than 
a quarter of those treated in representa- 
tive hospitals give signs of having in- 
creased amounts of fluid in the respira- 
ory passages. Since the possession of 
apparatus for artificial respiration ap- 
parently engenders an irresistible im- 
pulse in rescuers to use this apparatus, 
eyen when gassed individuals need no 
assistance in breathing, it is evident 
that persons unconscious from gas pol- 
soning’, in whose tracheas material is 
bubbling, must frequently be exposed to 
the possibility that the positive blast of 
air will throw bits of infected mucus 
broadeast through the alveol. It has 
proved impossible to obtain statistics 
upon the incidence of pneumonia in 
vassed cases treated with the pulmotor 
or with the lunemotor as contrasted with 
those treated in other ways. Lacking 
such evidence, we have attempted to in- 
vestigate the degree to which a positive 
blast of air will force finely divided sub- 
stances into the depths of the lungs. 

It is worth while, first of all, to 
realize the ease with which very large 
amounts of material can slip into the 
lunes during states of unconsciousness. 
Holscher (11), in a careful investiga- 
tion of the causation of post-operative 
pneumonias, showed that in etherized 
rabbits, cats, and dogs intected mucus 
placed in the trachea caused broncho- 
pneumonia in dependent parts of the 
ungs. That is, if the animal was upon 
is back, infection might be upon either 
side; if turned to the right, infection 
vas upon the right side, and so on. 
“hese observations were preceded by a 
series of dye-stuff injections which gave 

similar distribution. More recently, 
Mullin and Ryder (12) have shown that 
ispensions of carbon and of tubercle 
aeilli dropped into the noses of rabbits 


nter the lungs with the greatest ease. 


Corper and Robin (13) have extended 
these observations still further and have 
shown how readily one may direct fluid, 
placed in the nose or mouth, into dif- 
ferent parts of the lungs by simply al- 
tering the position of the animal. Such 
observations as these indicate that an 
individual in prolonged unconsciousness 
from gas poisoning is fairly certain, if 
lying upon his back, to experience the 
entrance of mouth material into the 
posterior and dependent parts of the 
lower lobes. Will this apparently in- 
evitable ingress of infected material be 
assisted or made more widespread 
through the action of positive ventila- 
tion? 


Eaperiments upon Distribution of Ma- 
terial during Positive Pressure 
Ventilation 


A preliminary set of experiments with 
India ink in urethanized cats verified 
the findings of previous observers. Ma- 
terial of this sort, introduced into the 
mouth or trachea without pressure, 
flows into the lungs as readily as if 
poured into a bottle. When animals were: 
arranged so that the lungmotor operat- 
ed during and after the injection, it 
seemed to us that the material was 
somewhat more disseminated than in 
animals which breathed naturally dur- 
ing the procedure. In order to obtain 
results of a more quantitative nature, 
the following procedures were under- 
taken. A suspension of very finely di- 
vided manganese dioxide was used in- 
stead of the ink. This permitted chem1- 
cal quantitation, in terms of manganese, 
of the amount of material reaching the 
lungs. In order to make this suspen- 
sion simulate mucus, it was diluted one- 
half with ege white. Under such eir- 
cumstances, the final suspension would 
run slowly through a syringe needle of 
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moderate size. The experimental ani- 
mal was anesthetized with urethane and 
placed upon an animal board which was 
raised at the foot so that the board made 
an angle with the surface of the table 
in some eases, of 9°, in others, of 17°. 





The manganese suspension was con- 
tained in a burette and was introduced 
into the respiratory tract through a 
syringe needle thrust through the tra- 
cheal wall just below the larynx. Under 
these circumstances, comparatively lit- 
tle of the material dripped into the 
trachea runs into the lungs. Animals 
were compared in pairs, the suspension 
being introduced, in the one ease, during’ 
natural breathine and, in the second 
case, with the lungmotor in operation. 
An accurately fitting faee mask was 
used to connect the lunemotor with the 
animal. Sample protocols are as fol- 
lows: 


ProrocoL 2.—Experiment C4. <A eat, 
weighing 3.8 kg., was anesthetized with ure- 
thane and placed upon a eat board, the foot 
of which was so raised that the board made 
an angle of 9° with the surtace of the table. 
Two ¢.c. of a manganese-egg-white suspension 
were slowly dripped into the trachea immedi- 
ately below the larynx during a period of 
twenty-seven minutes. Just before the in- 
jection was begun, the animal was curarized 
and the lungmotor apphed by means of a 
tight-fitting face mask. The lungmotor was 
operated throughout the period of injection 
and for ten minutes thereafter, at a rate of 
20 strokes per minute, its nozzle delivery of 
air per minute at this rate being 1,455 ¢.¢. On 
chemical analysis, the lungs contained 0.91] 
me. of manganese per 100 em. of wet tissue. 
This 1s an inerease of 1200 per cent. as com- 
pared with the control animal into which 
manganese-egg-white suspension was inject- 
ed during normal respiration. 


The lungs of a second cat prepared 
and ventilated with the lungmotor in an 
exactly similar manner contamed 150 
per cent. more Mahahnese per 2Valm of 


tissue than the control animal. It large 


dogs are used, the lungmotor permits 





sufficient adjustment to enable one to 
measure the natural ventilation of the 
anesthetized animal and then to imitate 
it with the lungmotor more exactly than 
is possible with eats. If normal venti- 
lation is accurately imitated and artifi- 
cial mucus is then placed in the trachea, 
it is very easy to kill the animal, since 
it frequently happens that, though the 
nozzle delivery of the apparatus is the 
desired amount, the volume of air actual- 
ly reaching the lung's is too small to sus- 
tain life. In order to avoid the predica- 
ment which arises in this way, the ex- 
permnments involving artificial mucus in 
the trachea have often been done, per- 
force, under a somewhat excessive noz- 
zZle air delivery. 


PROTOCOL _ 3. 





Experiment C7. <A _ dog, 
weighing 14.9 ke., was anesthetized with ure- 
thane and, after ligation of the esophagus, 
was placed on an animal board, the foot of 
which was so raised that the board made an 
angle of 17° with the surface of the table. 
The animal was then curarized and the lung- 
motor set into operation. During a_ period 
of thirty minutes, while the lungmotor was 
operating, 6 @.c. of manganese-egg-white SUS- 
pension were dripped slowly into the trachea. 
The normal ventilation of ‘the anesthetized 
dog, prior to injection of the artificial mucus, 
was 95,100 ¢.e. per minute. The ventilation 
(v.e., the nozzle air delivery) provided by the 
lungmotor was 0,650 ¢.c. per minute. During 
the period of artificial respiration (thirty- 
six minutes) the condition of the dog became 
very bad from insufficient air, and death oce- 
curred before the animal could be bled to 
death, this final bleeding being a routine pro- 
eedure in order to give approximately equal 
weight conditions in the lungs. The amount 
of manganese recovered from the lungs in 
this animal was 0.017 mg. per 100 gm. of wet 
tissue. A control dog treated in exactly the 
same manner and_ breathing naturally 
showed 0.00039 mg. of manganese per 100 
om. of wet tissue, /.€., approximately on 
forty-third of the amount obtained in the 
animal ventilated artificially. 


Both does and eats treated in this wa\ 
invariably showed more manganese 1 


the artificially ventilated lune's. Th 


J.1.H 
Aug., 19 
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legree of increase varied markedly in 


‘he different experiments but was al- 


vays in the same direction. Apparent- 


ly, if one utilizes an air blast which is 
sufficiently vigorous to get air into the 


ilveoh in anything like normal amounts, 
i@ is in danger of carrying in material 
‘rom the upper respiratory tract. 


ltl. Tue VentiInaAtinc EFFICIENCY OF 


ARTIFICIAL RESPIRATION APPARATUS 


In the second section of this report 
we have remarked upon the difficulty of 
vetting adequate amounts of air into the 
lungs of animals unless the lunegmotor is 
adjusted to give air deliveries above the 
actual requirements of the animal, as 
judged by the volume of air breathed 
prior to the institution of artificial res- 
piration. Anyone who investigates this 
problem will be surprised at the ease 
with which the upper air passages be- 
come obstructed. The face mask used 





a criterion 
not met by the face masks provided witb 


bv us was absolutely tight 


the apparatus—the esophagus was _ oc- 
cluded, and the tongue held torward by 
a stitch. Even with all these precau- 
tions, ventilation was frequently inade- 
quate. The exact position of the head, 
small amounts of material in the larynx, 
and other apparently insignificant fae- 
tors tended to shut off air flow. 

In the hands of operators thoroughly 
used to physiological experimentation, 
the rate and stroke of the lunemotor can 
ilways be adapted to provide adequate 
ventilation. The same thing is true of 
he hand-controlled type of pulmotor. 
Such adjustments, in our opinion, in- 
olve the utilization of experience not 
possessed by the average doctor, much 
ess by the lay members of an ordinary 
escue squad. In view of this conviction, 
e were anxious to find out just how 


adequate is the ventilation provided by 
the lungmotor when the operator sub- 
jects it to the test of animal experiment 
under conditions simulating actuality. 


A, Animal Experiments 


The dogs employed in this series of ex- 
periments were anesthetized with ure- 
thane and were placed upon their backs 
on animal boards. In each case, the 
esophagus was occluded with a ligature, 
the tongue held forward by a stitch, and 
a glass face mask slipped over the muz- 
zle. This mask was made air-tight by 
means of a rubber cuff reinforced with 
adhesive tape. ‘T’wo glass outlets in the 
mask permitted quick adjustment of the 
lunemotor or the pulmotor. The carotid 
artery was exposed and provided blood 
for oxvgen and carbon dioxide analyses. 
The following protocols illustrate the re- 
sults of this tvpe of experiment: 


Protroco. 4.—Experiment D2. Dog; weight 


13.6 ke. 








Blood Gases in 


Procedure and Volumes Per Cent. 


Time Respiratory Findings CO, () 
11.17 A.M. Normal ventilation. $6.0 21.6 
12.05 pM. Norinal ventilation. 

Rate. 29; volume, 3.341 
cc, per minute. 
12.06 Ventilation with lung- 
motor begun. 
Rate. 20: volume, 5,550 
cc, per minute. 
12.07 Curarization. 
12.25 H).] 1S.5 

1.08 +2 17.6 

1.15 Lungmotor ventilation 
increased, 
Rate, 20: volume, 5,600 
cc, per minute. 

2 OG 4.2 21.4 
ey Lungmotor ventilation 

decreased, 
Rate, 20: volume, 5,580 
Ce. Bert minute. 
30S j34.% LoS 








In this experiment it was necessary to In- 
erease the air delivered by the pump more 
than 62 per cent. in order to bring the hlood 
oxvgen to the level existing prior to the insti- 
tution of artificial respiration. 
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Proroco.L 5.—Experiment D9. Dog; weight 


8 ke. 








Blood Gases in 


Time Procedure and | Volumes Per Cent. 
Respiratory Findings | a: a 
11.12 a.m. Normal ventilation, 48.4 14.8 
12.01 p.m. Normal ventilation. 
Rate, 34; volume, 1,920 
cc, per minute. 
12.08 49.6 
12.27 Curarization. 
12.28 Ventilation with lung- 
motor begun. 
Rate, 30: volume, 2.220 
c.c. per minute. 
12.45 71.0 
12.48 Lungmotor ventilation 
increased, 
Rate, 20; volume, 3,580 
c.c, per minute. 
1.10 42.8 
L.1S Lungmotor ventilation 
decreased, 
Rate, 15; volume, 2,6S0 
e.c. per minute. 
14S 16.9 15.8 
2.02 Began introducing 10 
ec. of artificial mucus 
into trachea at a rate 
of 1 ee. in 8 min 
utes. Animal prone. 
2.32 i> 14.7 








In this ease, it Is again evident that a ven- 
tilation comparable to that of the animal 
was inadequate to prevent carbon dioxide 
accumulation. With a practical doubling 
of the ventilation this was done, and later, 
under a 40 per cent. increase over the original 
normal ventilation of the animal, obstruetion 
to air flow was not sufficient to cause harm 
even though a fair amount of artificial mueus 
was introdueed. 


Prorocon 6.—KExperiment D5. Dog; weight 


17 ke. 











| Blood Gases in 
‘Time | Procedure and | Volumes Per Cent. 
Respiratory Findings CO, O, 
11.40 A.M. Normal ventilation. 36.1 15.8 
12.55 P.M. Normal ventilation. 10.0 
1.43 Normal ventilation. 
Rate, 5S: volume, 4.860 
c.c. per minute. 
1.48 S.1 
L.57 Curarization. 
1.59 Ventilation with lung 
motor begun. 
Rate, 18: volume, 5.090 
cc. per minute. 
2.22 Sve 17.5 
3.03 36.0 
3.14 Dog board tilted to 


angle of 17°. Began 
introducing 10 e.e. of 
artificial mucus into 
trachea at a rate of 1 


cc, in 38 minutes. 








ProtrocoL 6.—Cont. 








Blood Gases in 





Time Procedure and Volumes Per Cent. 
Respiratory Findings | CO, | O, 
3.02 45.7 4.6 
3.36 Lungmotor ventilation 


increased. 
Rate, 18; volume, 7.328 
c.c. per minute. 


3.43 34.4 
4.00 Lungmotor ventilation 
increased. 


Rate, 30: volume, S8,4S0 
c.c. per minute. 
1.19 


“~ 
f 
~ 








In this experiment, serious asphyxia oc- 
curred after the introduction of a compara- 
tively small amount of mucus, considering 
the size of the dog. The animal was in a 
head-down position at an angle of 17°. The 
obstruction was laryngeal, and in order to 
keep the animal alive it was necessary to in- 
crease the ventilation by 50 per cent. 


The observer who first glances at 
these experiments will ask whether we 
have any assurance that conditions of 
blood flow were reasonably comparable 
during the preliminary period of nat- 
ural ventilation and during the period of 
artificial respiration following curariza- 
tion. It is highly probable that they 
were not. In our experience, curare is 
very apt to cause a fall in blood pres- 
sure in the dog, and the ventilation nee- 
essary after its use may well be some- 
what different than before. But such a 
criticism is aside from the real situation 
under examination. The lungmotor op 
erates at six different strokes, and the 
rates at which one is directed to use 
these different strokes result in giving 
degrees of ventilation suitable for dif- 
ferent sized individuals. Thus, the ma- 
chine used by us gave the following re- 
sults: 


Rate per Volume 
C.C. of Minute per 

Air per Recom- Minute 

Stroke Strole mended in U.C. 
Infant 74 60 $440 
5 vears 179 26 4.654 
10 years 285 20 »,660 
15 years 408 0) S.160 
Adult, average 512 18 9.216 
Adult, large 650 LS 11,700 

3. 3. Bs. 


Aug., 1925 
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These figures are intended to repre- 
ent the amounts breathed by average 
ealthy individuals, plus a certain mar- 
vin. This margin would be adequate 
rovided all the air delivered at the 
ozzle reached the lungs of the subject. 
\s the situation actually stands, how- 
ver, the margin is, in our opinion, too 
mall. The face mask provided leaks 
round the edges during the inspiratory 
stroke of the pump and, in addition, in- 
‘ation of the cheeks and the pharynx re- 
sults in a very considerable increase in 
dead space. Both of these facts—and 
the first of these is extremely variable— 
must be considered in providing basic 
directions for the use of positive venti- 
lation apparatus. We may consider, 
therefore, that in patients upon whom 
the lungmotor is used the air actually 
available is very little, if at all, above 
the normal requirements for individuals 
in conditions of perfect health. When, 
however, we consider that the individ- 
ual overcome by illuminating gas has a 
iow blood pressure—indeed, if breath- 
ing has actually ceased, is in a condition 
demanding a decided increase over nor- 
malin the amount of air entering the ai- 
veoi—it is at once apparent that our 
experiments are not misplaced. They 
show that, in order to provide satis- 
factory positive pressure ventilation 
ihrough a face mask for dogs whose 
vreathing has been stopped by curare, 
ne must use a nozzle delivery of much 
nore air per minute than is called for 
y the animal under natural conditions 
| breathing, and this is the ease even 
uen there is no leakage around the face 
iask used. It is quite possible to main- 
ain life with the lungmotor in such ani- 
als over long periods of time, provided 
ie operator is a well-trained physiolo 

st_ accustomed to watch for signs of 
ipending disaster. Exactly the same 

‘uation is provided in the case of the 





pulmotor, Type B, where positive pres- 
sure and suction alternate at the will of 
the operator. Here, again, successful 
artificial respiration depends upon the 
employment of physiological experience 
and judgment. 


B. Experiments on Men 


In 1914, a report (14) of the Commit- 
tee on Resuscitation from Mine Gases 
appeared in which the action of both 
types of pulmotor and of the Brat appa- 
ratus was condemned ‘‘because repeat- 
ed suction of air from the lune’s is not 
physiological, and if continued is likely 
to result in injury to the lungs and in- 
adequate inflation.”’ 

In 1916, Henderson (15) summarized 
the general situation in regard to arti- 
ficial respiration. He condemns appa- 
ratus for artificial respiration, but in the 
scope of his article is able to offer few 
experimental data either in regard to 
such devices or in regard to manual 
methods of artificial respiration. 

Meltzer (16), in 1917, after presenting 
a short suinmarv of Keith’s (17) histor- 
ical account of resuscitation, discussed 
the matter of apparatus operating by 
positive pressure and suction. In this 
discussion Meltzer made a special point 
of the harm done by suction, citing nu- 
merous observations in which it had been 
shown tat a repeated suction action 
oradually induces areas of lung cal- 
lapse. Meltzer recommended the use of 
a simple positive pressure artificial res- 
piration device in which expiration 1s 
passive. He felt that it had been estab- 
lished that any of the manual methods 
of artificial respiration was unequal to 
maintaining life for more than a short 
time. 

Let us consider the manner in which 
these different conclusions have been 
reached, discussing, first, the last con- 
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. 
clusion—namely, that artificial respira- 
tion by the Schifer method is not equal 
to maintaining life in non-breathing 
Schater himself (18), 
in examinations upon normally breath- 
ine subjeets, was able to obtain a venti- 
lation of 520° @e. 


human subjects. 


per respiration, or 
6,760 e.e. per minute. Other observers 

very recently, for example, Burton- 
Opitz (19)—have been able to repeat 
this observation. It is, however, gener- 
ally thought that such normal values as 
these merely reflect the eo-operation of 
the subject, who breathes with the oper- 
ator and involuntarily provides a nor- 
mal ventilation. In order to make a bet- 
ter appreach to the problem, Henderson 
(14) examined the respiratory exchanee 
In men during the period of apnea which 
follows foreed breathine. He tound that 
the maximum amount of air which he 
eould move with each respiration by the 
Schater Here 


again, however, evidence points to a 


method was 300° e@e. 
eertain deeree of respiratory fixation 
during apnea which renders the situa 
tion quite abnormal. 

lcfforts to measure the amounts of 
ventilation obtained by various methods 
have 


been made 


upon the cadaver. 
Schater (18) reports upon the futility 
of attempting to make satisfactory tests 
upon the dead body, although he implies 
that in some cases the experiments were 
made atter death.  Liljestrand, 
Wollin and Nilsson (20), in a paper 
written in 1915, summarize the results 


SOOT) 


of different types of manual artificial 
respiretion applied to corpses, and show 
that the ventilation obtained is usually 
insignificant. 

We are, 
situation in which no one has as vet 
We wish to 
know how much air can be moved per 
respiration by the Schafer method in 
human beings who have stopped breatlh- 


{heretore, face to tace with a 


made a valid experiment. 





ing but whose hearts are stiil beating. 
The proper experimental circumstances 
are not given by normally breathing per. 
sons, nor by apneic subjects, nor by 
‘adavers. Yet confidence in manual 
methods has been shaken by published 
figures of the relatively small volumes 
of air moved by these methods, partic- 
ularly in apneic subjects, even though 
the reasons for this appeared with the 
original figures. And this lack of confi- 
dence has been increased by the state- 
ments of Meltzer (14) (16) that the 
longest time which he was able to keep 
the heart beating in a ecurarized dog by 
manual artificial respiration was thirty- 
one minutes. 

Against these observations, we can 
only cite experiences which lack the ac- 
tual measurements that are desirable. 
Dr. Harvey Cushing (21), for example, 
possesses records of a patient with a 
cerebellar tumor who stopped breathing 
and who was kept alive by artificial res- 
piration for forty-eight minutes. At the 
end of this time, Dr. Cushing succeeded 
in tapping a cerebellar eyst and, upon 
relief of pressure, natural breathing be 
ean once more. This patient is alive and 
well today. In another case, Dr. Cush- 
ine’s actual record is as follows: 


M. MeC.: female; aged 49. 

Diagnosis, cerebellar cyst. 

A history is given of symptoms extending 
back over a number of vears and a physical 
examination pointing to a cerebellar tumor 
is recorded. The following note covers the 
occurrences during the first operation on 
Mareh 6, 1909. 


“The patient was placed in the usual cere 
bellar position. [This is a face-down positicn 
entirely favorable for the Schafer method 0! 
artificial respiration.}| The mere turning 
on her side necessary for exposure of thi 
occipital region brought on one or two of the 
attacks previously described [periods of res: 
piratory failure}. The usual crossbow inci- 
sion was made and the two lateral flaps were 
reflected, as is customary in this procedure. 


3.14. 
Aug., 192 
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i earrying the muscle incision across the 

edian line, a large vascular lake was opened 
nd bled profusely. The extravasation was 
emporarily checked by pressure upon the 

essel and finally by a combination of wax 
nd cotton. It was subsequently shown that 
‘here was a large opening, possibly a centi- 
meter in diameter, in the bone, practically 
it the region of the torcular, and it was from 
his opening that the bleeding occurred. At 
‘his stage in the operation and while this pro- 
‘use bleeding was taking place, the patient 
suddenly ceased breathing. After a moment, 
the blood which was being lost became black 
and respiration was not resumed, whereupon 
the operator proceeded to make respiratory 
movements by artificial means, namely, by 
the Sehafer method, which was sufficiently 
successful to enable an exchange of air to 
take place to keep up fairly strong and regu- 
lar contractions of the heart. The operator 
then proceeded with the operation, artificial 
respiration being continued by a member of 
the operating staff for the following forty- 
five minutes, until the herniated edges of the 
cerebellum were liberated, with a subsequent 
freeing from pressure. when spontaneous 
breathing was resumed.,’’ 

During the period of artificial respiration, 
the pulse rate slowed from 120 to 80. The 
patient recovered satisfactorily from this 
exploration and, on April 9, a cerebellar cyst 
was evacuated. When heard from seven 
vears later, she was alive and well. 


Instances of this sort might be multi- 
plied and they constitute the most con- 
vineing sort of evidence that the manual 
method of artificial respiration not only 
will maintain an emergency type of ven- 
tilation for a few minutes but that it 
will, if properly applied, sustain life 
aud will permit patients to undergo the 

dded strain of surgical manipulation. 
The Commission consequently endorses 
¢ Schafer method of artificial respira- 





mn With all the emphasis possible, and 
ils attention to the fact that, although 
ch emergencies as Dr. Cushing has 
“ft in these cases permit the instant ap- 
cation of devices like the lungmotor 
d pulmotor, the most experienced op- 
itors prefer to rely upon the simpler 
' more satisfactory manual method. 





The second general objection which 
has been advanced against such devices 
as the lungmotor and pulmotor is found 
in the production of expiration by sue- 
tion. In our experiments we have not 
seen direct damage to the lung, as de- 
seribed by Meltzer (16), and are in 
agreement with Henderson (15) that, 
with anything like reasonable use, such 
changes will not be induced. We have, 
however, had some direct experiences 
with suction expiration which are of in- 
terest. Six workers in the laboratory, 
including ourselves, experienced the op- 
eration of the lungmotor during apnea 
following foreed breathing. The face 
mask provided with the machine was 
used and was adjusted as carefully and 
as tightly as possible. It is held in place 
by a strap passing aronnd the head and, 
in our experiments, was certainly ad- 
justed with more care than would be 
usual in the emergencies which the ap- 
paratus is intended to meet. Ventilation 
was carried out in accordance with the 
directions provided with the instru- 
ment. On the inspiratory stroke, we 
were unable to drive more than a very 
small quantity of air into the chest un- 
less the subject co-operated by breath- 
ifg slightly. If he lay absolutely 
passive, the cheeks and the pharynx 
ballooned out and there was a large 
amount of leakage around the eyes and 
just below the malar bones. On the sue- 
tion stroke which followed, this leakage 
was automatically partially sealed. off, 
the skin of the cheeks and face being 
dragged tight against the rubber rim of 
the mask. Asa result, the subject experi- 
enced an inspiration which did not affect 
the size of the chest, followed by an ex- 
piration which reduced it. After one or 
two of these expiratory sucks, he invol- 


untarily broke through his apnea with an 
inspiration, which had no other purpose 
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than the restoration of the lung's to mid 
position, since, if the apparatus were re- 
moved at this point, apnea would eon- 
tinue for a normal period of time. The 
experiment offers a very interesting 
demonstration of the nervous mechanism 
of respiration and shows the readiness 
with which apparatus operating throngh 
suction may reduce the mid volume of 
the thorax. 

It will always be a difficult matter to 
make a face mask which ean be adjusted 
rapidly and which will stand the pesi- 
tive pressure necessary to drive air into 
the lungs past the manifold obstructions 
which may be met. When such a device 
as the lungmotor is used in animal ex- 
perimentation, a face mask 1s employed 
which is actually air-tight. This will 
rarelv or never be the case with human 
subjects. 

The lungmotor used by us withdrew 
less air on the expiratory side than was 
delivered by the inspiratory pump. The 
difference, however, was not” great 
enough. In the hand-controlled pulmo- 
tor, the operator is supposed to regnlate 
the degree of suction applied in expira- 
tion. ‘Lhe extreme subtlety of the entire 
situation, however, coupled with the 
rapidity with which adjustments must 
be made, renders it improbable that this 
ean ever be done correctly. What aetu- 
ally happens, in terms of positive and 
negative pressures, 1s well illustrated in 
an experiment of ours performed upon 
a muscular man, aged 50, weight 175 
pounds, who had died of methyl alcohol! 
poisoning at 3.20 p.m. At 4.43, the body 
being still warm and showing no evi- 
denee otf rigor mortis, we applied the 
lungmcetor, using the ordinary mask and 
fitting it as caretully as possible. The 
following pressures jin millimeters of 
mercury were obtained in a series of 


strokes: 








Negative Pressure Positive Pressur: 
3.0 3.2 
5.0 3.4 
8.4 1.2 
10.4 6.2 
12.4 D.2 
6.4 4.2 
10.4 7.0 
° 


In this instance, no air seemed to en 
ter the chest. he cheeks bailooned out, 
a certain amount of compression ce 
curred, and most of the air escaped 
around the mask. When the mask was 
rendered less leaky by holding its mar 
gins firmly with the fingers, we foreed 
air into the stomach but very little, if 
any, into the chest. With the Schafer 
method of artificial respiration, we were 
unable to secure any ventilation what 
soever. 












































In another instance—a woman aged 
33, of moderate size, dead one hour and 











forty-three minutes from _ pernicious 
anemia—we secured what seemed to be 
excellent ventilation with the lungmotor 
when the mask was held tight by hand. 
In this case, when prone pressure arti- 
ficial respiration was tried, the first 
three or four efforts gave a ventilation 





of 100 ¢.c. per respiration. This speed 
ily fell to 50 @e. per respiration, and 
soon no alr movement at all occurred 
The operator felt as though he had grad 
ually deflated a rather resistant and to 
taily inelustie evshion and that, when al! 
the air had been foreed out and the ches! 
reduced to the smallest possible volume, 
no further result could be obtained. 
Manual methods of artificial respi 
tion depend equally upon the operat: 
and upon the elastic recoil of the bod 
tissues. This latter element is Iost ra’ 
idly atter the heart stops beating. Fro 
the point of view of artificial respi 
tion, the dead body is transformed fro! 
the condition represented by a partial 
inflated, stiff-walled rubber bag to th 
of a bag of wet linen containing a slig’ 
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wount of air by virtue of the stiffness liver a greater volume of air per minute 
iis walls. In either of these cases than is represented by the natural res- 
» can be blown in and sucked out, but piration of the animal before curariza- 
the second case there is no possibility tion. 'This necessity is due, in these ex- 
moving air by rhythmic compression periments, to the large increase in dead 


d relaxation of the bag. 


CoNCLUSIONS 


space incident upon inflation of the dog’s 
cheeks and pharynx and to the minor 
obstructions to the air blast which fre- 
quently occur. In the hands of persons 


i. The possibility that acute cardiac familiar with the physiology of respira- 
‘ilatation and failure of the right ventri- tion, the instrument can always be adapt- 
le may occur in subjects poisoned by ed to supply a sufficient amount of air. 
Juminating gas as a result of excessive It is not serviceable in terms of simple 
artificial respiration by positive pres- fixed instructions but must be operated 
ure apparatus (pulmotor and lunemo- by persons capable of adapting it 
tor) has been tested upon eats. In these promptly to the needs of the victim. 


xperiments, ventilation was maintained 


B. It is shown that no evidence as yet 


through a tracheal cannula.in order to exists by which we can evaluate manual 
e sure that the alveoli were reached by methods of artificial respiration in sat- 
(le extreme amounts of air utilized. Nc isfactory physiological terms. The prob- 
harm was done the heart and this objec- abilities are that the Schafer method is 
tion to positive ventilation apparatus is much more efficacious than is ordinarily 


removed. 
‘) 


2. In a series of experiments upon 


believed. 
The difficulty of obtaining a tightly 


dogs and eats in which the factor of fitting face mask for human use is dis- 
vravity was excluded, it has been shown cussed, and the consequences of using a 
that material dripped into the tracheais leaky one are pointed out. If the mask 
carried to the lungs by positive pressure leaks, it is invariably somewhat sealed 
entilation. These experiments substan- off during the suction period which ac- 
iate the possibility that distribution of complishes expiration. As a_ conse- 


4 


‘ected mucus and vomitus by blasts of quence, suction becomes more effective 


ur from positive pressure apparatus than blowing and the size of the chest 
may be concerned in the frequent occur- js steadily reduced. 


ence of bronchopneumonia following 


‘aS poisoning. 


Finally, an account is given of at- 
tempts at artificial respiration on the 


3. A. When respiration in dogs is_ bodies of persons, dead but a short time, 


topped by curare, it is necessary, in or- and the impossibility of obtaining data 
r to maintain life with the lungmotor, upon the efficiency of manual methods 
en though a non-leaky face mask is from such experiments is confirmed. 
‘ed, to set the apparatus so as to de- 
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FINAL REPORT OF THE COMMISSION ON RESUSCITATION FROM 
CARBON MONOXIDE ASPHYXIA: THE TREATMENT OF 
CARBON MONOXIDE ASPHYXIA* 


> November, 1921, a commission,’ 
formed at the request of the Amer- 
ican Gas Association, began an investi- 
vation to determine the best means of 
treating individuals poisoned by illumi- 
nating gas. The task of this commis- 
sion was finished on March 1, 1923. The 
researches undertaken and the conelu- 
sions reached are summarized in this 
report. 

The work accomplished may _ be 
divided into two definite parts. The 
first of these deals with the general 
status of the problem of resuscitation 
from gas poisoning in the United States, 
together with an analysis of certain fea- 
tures of resuscitation as now practised, 
which were felt to be poorly understood 
and possibly harmful. The second and 
more important part of the work con- 
sists In. an effort, which the Commission 
has every reason to feel has been suc- 
cessful, to provide a new and more eff- 
clent means for resuscitation. These 
iwo divisions of the problem before the 
(‘ommission are best presented in the 
above order. 


*Received for publication June 1, 1925. 


Personnel of the Commission: Cecil K. Drink- 
M.D., Associate Professor of Applied Physi- 
ozy, Harvard Medical School, Chairman; Wal- 
er B. Cannon, M.D., Professor of Physiology, Har- 
rd Medical School: David L. Edsall. M.D., Dean 
the Harvard Medical School, and Professor of 


nical Medicine, Harvard Medical School: How- 


W. Haggard, M.D., Instructor in Applied 
Vslology, Yale University ; Lawrence J. 


lenderson, M.D... Professor of Biological Chem- 


'y. Harvard Medical School: Yandell Hender- 
Ph.D., Professor of Applied Vhysiology, Yale 
iversity: Francis W. Peabody, M.D., Professor 
Medicine, Harvard Medical School: Royd R. 
ers, M.D... Chief Surgeon, United States Bureau 
‘Mines, Washington, D. C.: and Charles B. Scott, 
eau of Safety, American Gas Association. 





Il. THe Present Strarus or Manurac- 
TURED GaAs Potsontne as RELATED TO 
RESUSCITATION, WITH A CrriricaL Re- 
VIEW OF CERTAIN PHASES or MopERN 

RESUSCITATION PRACTICE 


Inquiry was first made as to the con- 
dition of patients when first found after 
exposure to illuminating gas. It became 
apparent that, although seriously af- 
fected individuals are practically always 
unconscious, they are usually - still 
breathing. This breathing may _ be 
feeble and ineffectual but in patients 
who recover, respiration is practically 
never absent when the victims are first 
seen. The situation differs from electric 
shock. In electric shock the respiration 
ceases suddenly and the heart continues 
for a brief time. Victims are revived if 
someone starts artificial respiration at 
once. In gas poisoning, on the other 
hand, there is frequently a long period 
of unconsciousness, during’ which the 
respiration is, at first, more vigorous 
than normal. Then follows a period in 
which breathing is shallow and ineffee- 
tual; finally, respiration fails. While 
the circulation may be fair when respl- 
ration stops, the circumstances attend- 
ing gas poisoning are such that aid 
rarely appears just as the respiration 
ceases. When first discovered, victims 
are either dead or else, though uncon- 
scious, they are breathing slightly or 
even fairly well. If, now, we inquire 
into what is done for such individuals, 
we are unable to find that such devices 
as the pulmotor and the lungmotor are 


more efficient, in the instances in which 
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artificial respiration is necessary, than 
is the manual prone pressure method of 
resuscitation. At the same time, it is 
evident from our investigations that, if 
rescue crews do possess apparatus for 
artificial respiration, they use their 
machinery at times even though the vic- 
tim’s breathing may be excellent. 

We are, thus, faced with the fact that 
if a person in one of our large cities is 
overcome by gas, he is very lhkely, 
whether he needs it or not, to experi- 
ence a period of artificial respiration by 
means of some such device as the pul- 
motor or the lunemotor—a device which 
alternates positive blasts of air with 
suction, thus producing inspiration and 
expiration in a manner exactly contrary 
to the meaning of these words and to the 
normal physiology of breathing. 

‘The Commission next investigated 
what happens to seriously gassed pa- 
tients taken to representative hospitals 
in Boston, New York, and Philadelphia. 
The significant faets obtaimed, which 
are related to the resuscitation prob- 
ln a series of 860 
patients, admitted to hospitals because 


lem, are as follows: 


of gas poisoning, 09.8 per cent. were un- 
conscious; 27.8 per cent. showed abnor- 
mal amounts of moisture in the respira- 
tory tract; 0.9 per cent. eventually de- 
veloped pneumonia (these pneumonias 
were cases actually diagnosed; study of 
the reeords indicates that the true per- 
centage is probably higher, numerous 
eases with slight patches of broncho- 
pneumonia beime undiagnosed); and 
14.5 per cent. died. Serious eases, as 
has often been reported before, show 
low blood pressures, and cardiac ar- 
rhvthmias and dilatation are not infre 
quent. This delineation of the situation 
has been published as the second report 
of the Commission (1). 

In view of the faets thus disclosed, the 
Commission, in October, 1922, felt it ad- 





visable to make inquiries in three lin 

1. Since at the present time the use 
of resuscitation apparatus, such as tlie 
lungmotor and the pulmotor, is wide- 
spread, and since it is evident that if 
such apparatus is at hand it is employed, 
even if the breathing of the patient re- 
quires no assistance, the question arose 
as to whether exuberant use of positive 
pressure ventilation might not cause im- 
mediate cardiac or circulatory failure 
in seriously gassed patients. It is 
known that artificial respiration of posi- 
tive type increases, at each blow, the pul. 
monic blood pressure by compressing thie 
pulmonary capillaries. The load which 
‘an be thrown suddenly upon the right 
ventricle in this way may be consider- 
able, and, accepting the fact that such 
machines as the lungmotor and pulmo- 
tor occasionally do drive the full air de- 
livery of the instrument into the alveoli, 
the possibility of doing harm is easily 
recognized. It has, however, been 
shown by workers for the Commission 
in a series of experiments upon cats, 
poisoned with illuminating gas, that this 
apprehension in regard to positive pres 
sure respiration apparatus is untound 
ed. In the same investigations, lung 
rupture did not oecur, even though ey 
treme pressures were used. 

2. Since pneumonia is a fairly tr 
quent and very serious sequel of gas 
poisoning, and since one-fourth 
evassed patients receiving hospital trea‘ 
ment have excess fluid in their respi 
tory tracts, the question was asked as (0 
whether positive ventilation, if effectiy 
might not aid in the distribution of } 
fected mucus to the alveoli and so 1 
erease the incidence of pneumonia. 
series of experiments upon dogs a 
cats has shown that artificial respirati 
carried on through a mask by an inst! 
ment, such as the lungmotor, does cau 


an increase in the amount of trache 
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naterial which reaches the lungs. The 
ossibility, therefore, exists that posi- 
‘ive pressure artificial respiration, oper- 
ating through a face mask, may increase 
‘he ineidence of pneumonia after 
vassing. 

3. Since few data exist as to the ac- 
‘ual ventilating efficiency of the lung- 
motor and the pulmotor, experiments 
have been performed upon dogs which 
have shown that, while non-breathing 
animals (curarized) can be kept in good 
condition by such devices, the amounts 
of air delivered have to be modified in 
accordance with the condition of the 
animal at the moment. An experienced 
physiologist can do this successfully but, 
out of medical hands and with the sim- 
ple directions which can be given non- 
medical life savers, it is not probable 
that the machines can be operated with 
the suecess that is attributed to them. 
The investigators were surprised to find 
how readily small amounts of obstruc- 
tion in the upper air passages stopped 
the air flow when positive ventilation was 
being used. It is this fact which necessi- 
tates constant watchfulness upon the 
part of the operator and readiness to 
adapt the volume of air delivered to the 
needs of the patient. A further prac- 
tical difficulty in using positive pressure 
respiration through a face mask was 
found in experiments upon individuals, 
apneic after forced breathing, and upon 
the bodies of persons dead less than two 
hours. This consists in the ease with 
which leaks occur around the edges of 
ie mask. These leaks are invariably 
creater when air is blown in than when 
t is sucked out, since during the latter 
maneuver the skin of the face is drawn 
against the rim of the mask and seals off 
some of the leakage. As a consequence, 
ithe vietim, upon whom the face mask is 
not adjusted with the greatest accuracy, 
experiences a gradual diminution in the 


7 


size of the chest, and an interference 
with alveolar air exchange which cannot 
be advantageous. 

Finally, the question of the actual 
efficiency of the Schafer prone pressure 
method of artificial respiration was re- 
viewed, and the conclusion was reached 
that this method is even more efficient 
than has been supposed. That is, evi- 
dence exists which indicates that the 
Schifer method is not simply our best 
reliance for brief emergencies but that, 
through its use, life may be sustained 
over considerable periods of time in 
persons unable to breathe. 

The experimental evidence and dis- 
cussion of these matters make up the 
third report of the Commission (2). 


Il. Tur New Meruop or TREATING 
Carpon Monoxipe ASPHYXIA 


The development of this new pro- 
cedure is entirely due to the work of Dr. 
Yandell Henderson and Dr. H. W. Hag- 
card and forms the most important con- 
tribution made by the Commission. ‘The 
extreme simplicity of the measure pro- 
posed and the apparent completeness 
with which it meets the needs of gassed 
individuals cannot be over-emphasized. 
Three well-known facts form the basis 
for the method. ‘They are: 

1. Carbon moncxide combines with 
hemoglobin, displacing oxygen, and the 
harm done in gas poisoning arises from 
the oxygen deprivation which results. 

2. The most effective physiological 
means for breaking down the combina- 
tion of carbon monoxide and hemo- 
olobin is offered by the mass action of 
oxygen; that is, in the presence of large 
amounts of oxygen, carbon monoxide is 
foreed out of the hemoglobin molecule 
more rapidly than in lower oxygen con- 
centrations. 
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+. The most effective physiological 
stimulus for respiration is carbon di- 
oxide. 

Because of these three facts and be- 
cause of the observation that in gassed 


persons the earbon dioxide content of 


the body is low, owing to the period of 
excessive breathing which precedes the 
stage of shallow respiration and respir- 
atory failure, Henderson and Haggard 
have advocated the use in gassed cases 
of inhalations of 5 per cent. carbon di- 
oxide in oxygen. They have shown in 
gassed animals and in themselves that 
this mixture, because of the carbon di- 
oxide content, causes a great increase in 
respiration. This respiratory increase 
fills the alveoli with a very high percen- 
tage of oxygen and thus displaces ear- 
bon monoxide from the hemoglobin 
molecule with the greatest possible eXx- 
pedition. They have also shown that 
the breathing of this carbon dioxide- 
oxygen mixture is attended by no dan- 
ver to the subject. Following these ob- 
servations, Henderson and Hageard 
tested the carbon dioxide-oxygen treat- 
ment upon gassed persons in New York 
City. Further experience with the 
method, both in reviving gassed persons 
and in hastening recovery from etheriza- 
tion, has served to inerease the confi- 
dence of the Commission in the wisdom 
and safety of a treatment which not 
only meets an immediate emergeney but 
also, by shortening the period of oxygen 
lack, reduces the frequeney after gas 
poisoning of unfortunate sequelae. The 
development of this new treatment 
forms the subject-matter of the first re- 
port (3) of the Commission. 


(CONCLUSIONS 
1. The Commission has found no evi- 


dence to indicate that artificial respira- 
tion apparatus operating by positive 








pressure, such as the lungmotor or th 
pulmotor, produces results in resusci 
tation from gas poisoning superior t 
those obtained by the use of the Schife: 
prone pressure method of resuscitation 
alone. The Commission is of the opin 
ion that the employment of such devices 
may often do actual harm, and strong] 
recommends that the prone pressur 
method be employed. 

2. Since the great requisite in al! 
resuscitation work is prompt action, the 
Commission urges that large corpora- 
tions, faced by a carbon monoxide haz. 
ard, train numerous individuals to give 
artificial respiration by the Schifer 
method. When this work is entrusted 
to a tew small teams, delay is caused 
in Waiting for a member of a team to ar- 
rive. Gas companies must supply first 
aid to the public through their rescue 
crews. ‘They should, however, use every 
possible effort to spread sound knowl- 
edge upon the question of resuscitation 
from gas poisoning, so that more and 
more people may know how to meet the 
immediate emergeney which gassing 
may present. 

3. The Commission recommends the 
use of the carbon dioxide-oxygen inhala- 
tions developed by Henderson and Hag- 
vard as a treatment for gas poisoning. 
To provide this treatment, apparatus is 
necessary and the general objection of 
delay, which is inherent in all methods 
of resuscitation demanding apparatus, 
applies in this case. Since, however, the 
inhalation provides a specifie remedy for 
use in gassed persons, the handicap otf 
delay must be accepted and overcome as 
far as possible by proper placing of ap- 
paratus. It is obviously of extreme im- 
portance that the inhalations be given 
promptly. Unconsciousness may per 
sist long after carbon monoxide has lett 
the blood. This prolonged unconscious 


ness is an expression of the harm done 


Pe 
Aug., 192 














CARBON MONOXIDE ASPHYXIA 129 


yy a prolonged period of oxygen lack— 
‘he very situation which the inhalation 
is pre-eminently adapted to prevent. 

4, The Commission has concluded 
its work by preparing a booklet giving 
specific directions for performing the 
Schifer prone pressure method of arti- 


ficial respiration and for applying the 
new carbon dioxide-oxygen inhalation 
treatment. This booklet may be ob- 
tained from Mr. Osear H. Foge, Secre- 
tary-Manager of the American Gas As- 
soelation, New York City. 
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MENTAL FACTORS IN INDUSTRIAL HYGIENE* 


C. Macriz Campseu, M.D. 
Director, Boston Psychopathic Hospital 


— are dangerous tools, and 
familiarity adds to their danger. 
In the face of an unsolved problem the 
scientific worker is tempted to gain per- 
sonal comfort by attaching a name to it, 
and once a name has been given there is 
a pleasing illusion of knowledge. The 
result of this illusion very often is the 
cessation of thought about the subject. 
It is not necessary to give examples, but 
one might cite in medicine the term 
idiopathic, and in psychology the term 
imstinctive. In view of this ever-present 
danger of dealing with words instead of 
with facts it may be well to make clear 
what is meant by the term mental hy- 
giene, at least to make elear what is 
meant by the adjective mental. 

l'rom the point of view of the psy- 
chiatrist a mental disorder is a disorder 
which cannot be adequately formulated 
in simple biochemical or physiological 
terms, but which requires for its formu- 
lation the introduction of such coneepts 
as instinets, emotions, effort, striving’, 
and beliefs. Headache, vomiting, con- 
stipation, fainting, and convulsions may 
be mental disorders when their roots lie, 
not in some erude structural or fune- 
tional change of a single organ or sys 
tem, but in the complicated balance of 
the highly integrated forees which make 
up human nature, and in the relation of 
the complete individual to the demands 
made by the environment. It is true 
that the symptoms chosen for illustra 
tion ean be studied abstractly, that is 
to say, without any attention to such 

DeLamar Lecture given before the School of 
Hygiene and Public Health, Johns Hopkins Uni- 
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complex forces and with no reference to 
the environmental situation. The elab- 
orate apparatus of modern laboratory 
research may be brought to bear upon 
them, and the disorder formulated in 
terms of biochemical and physiological 
factors, abstracted from the totality of 
the complex individual and the situation. 
Formulations of such a type are apt to 
be considered more scientific than those 
which take into consideration the more 
complex factors. This is partly because 
these more complex factors have fa- 
miliar names; they are subjects of ordi- 
nary conversation and are closely re- 
lated to the everyday interests of com. 
mon humanity. It is important to real. 
ize that it is not necessarily scientific 
to diseard these complex functions as ir- 
relevant to problems of health, at least 
if health means the balanced adjust 
ment of the individual to the environ 
ment—an adjustment which can be only 
inadequately formulated in biochemical! 
or physiological terms. 

The study of health, if adequately con- 
ceived, means more than the study oi 
the behavior of organs. It ineludes th 
study of the behavior of the total organ 
ism. Similarly hygiene, or the scienc 
of the preservation of health, include 
the study of the conditions whic! 
favor the healthy adjustment of the i 
dividual to his environment. Mental hy 
eiene is only hygiene, adequately cvun 
ceived. The simpler aspects of hygien: 
having monopolized the term, however 
it is necessary to use the term menta 
to eall attention to the more comple: 
branch of this medical discipline. 

In discussing mental hygiene and 1 
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dustry, it is well to begin by reaffirming 
the position that, while the health of the 
organs of the individual worker is im- 
portant, the health of the total worker 
in his complete personality is not to be 
neglected. If it is necessary to reaffirm 
what ought to be sufficiently obvious, the 
reason is that preventive medicine has 
iended to follow the lead of curative 
medicine. The latter has made such 
startling progress by the experimental 
method that its methods and conclusions 
and formulations have gained enormous 
prestige. The fact that it eliminated the 
patient and transferred its interest to 
diseases was not considered of serious 
importance. The patient is apt to be 
something of a nuisance; experimental 
animals are more easy to control. One 
has to admit that in regard to disorders 
of metabolism and to infectious disor- 
ders there was much to be said for this 
point of view, and from the systematic 
standpoint it was satisfactory to have 
definite diseases, which could be deter- 
mined in terms of the morbid agent, the 
morbid process, and morbid anatomy. 
l'o a large extent medicine became nosol- 
ogy, a study of diseases, instead of a 
study of sick patients. 

One group of patients proved some- 
what disconcerting, and were difficult to 
include in the foregoing scheme. These 
were the patients with so-called psycho- 
neuroses or nervous disorders. <As the 
existence of these disorders seemed to 
out the omniscienece of medicine, the 
atter passed them scornfully by and 
ieglected such patients. It looked upon 
hese patients as being in some way or 
ther culpable. It called their ailments 
magiary. It gave them, however, re- 
sounding Greek names. 

The ailments may be imaginary from 
the point of view of the nosologist, but 
he economic loss and domestic hard- 
ship are solid facts. A neurasthenic 
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button-maker may have an imaginary 
ailment, but during his invalidism of 
three years’ duration he has to be sup- 
plied with real food and clothing at the 
expense of the community. Nervous ail- 
ments in civil garb may receive little 
notice, but clad in khaki they demand 
recognition. They may even become a 
military problem of importance. One 
result of the Great War was the belated 
recognition by many of the leaders of 
the medical profession of the fact that 
so-called functional nervous disorders 
are a real medical problem. As in war 
the neglect of this problem meant a defi- 
nite military loss, so in eivil life it means 
a corresponding economic loss. It is be- 
ginning to be recognized that nervous 
disorders form a preblem of public 
health of considerable economic impor- 
tanee, and one knows that the same 
factors which are involved in the 
mechanism of these nervous disorders 
play a considerable role in regard to 
mental disorders in general, and also in 
relation to patients suffering from the 
ordinary bodily ailments. Not only in 
the so-called traumatic neurosis or com- 
pensation neurosis may bodily com- 
plaints be utilized for purposes of 
adaptation and thus be unduly pro- 
longed, but the same is true in regard 
to a great variety of ailments—gyne- 
ecological, genito-urinary, orthopedie, 
eardiovascular and egastro-intestinal. 
Wherever health facilities are under 
discussion the psychiatrist would like to 
put in a word for this aspect of health, 
traditionally so neglected. Wherever 
preventive measures are under discus 
sion the psychiatrist wishes to consider 
the prevention of these mental complica- 
tions. When school hygiene is being dis- 
cussed the psychiatrist wishes the prob- 
lems of health not to be limited to the 
questions of nutrition, of focal infec- 
tion, and of the condition of the sense 
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organs, but emphasizes the problems of 
the mental health of the child, the prob- 
lems of the emotional life, of the forma- 
tion of habits, of environmental influ- 
ences—elements which will have a great 
deal to do with the later efficiency of 
the child as a social unit. When indus- 
trial hygiene is discussed the psyehia- 
trist wishes attention to be paid to the 
worker, as well as to his individual 
ore’ans. 

Industrial hygiene has several well- 
defined and limited problems and, on the 
other hand, certain wider problems 
which take one beyond the faetory into 
the field of social organization. Among 
the more specific problems one thinks of 
the special diseases and dangers of defi- 
nite occupations; there are special prob- 
lems in rubber plants and in potteries, 
in bakeries and in laundries, in hat-mak- 
ing and in printing, in garment factories 
and in the boot and shoe industry. In 
regard to these occupations the worker 
is entitled to have protection from spe- 
cific dangers to health. On the other 
hand, quite apart from the specifie dan- 
vers and diseases associated with an 

of the 
health of the individual workers are of 


industry, the general problems 


interest to those direeting such an or- 
The health of the worker 
may be of interest purely from the point 
of view of production; it may be of in- 


vanization. 


terest from the poimt of view of human 
life as a goal in itself. 

rom the point of view of production, 
absenteeism and bad time-keeping are 
of importance. From the point of view 
of production, attention to fatigue 1s 
desirable. From the point of view 
take an 


satisfaction of the 


of production, one may 
interest in_ the 
worker with his task; one may con- 
sider the influence of the monotony of 
manipulations which are too specialized, 


the leneth of workine hours and the 








mode of utilization of leisure, the de- 
sirability of not fitting the human ma- 
chine to the industrial machine without 
taking account of other elements in the 
human machine, which not only give it 
its humanity but which also, if neglect- 
ed, may bring the whole machine to a 
stop. From the point of view of pro- 
duction and the smooth running of an 
organization, the executive may take an 
interest in the special equipment of the 
individual worker, mentally and physi- 
cally, tor his task. He may choose em- 
ployees by special methods, and in re- 
lation to certain job specifications. He 
may even take into account the personal 
sensibilities of the workers, and may 
study what is the best organization to 
prevent men from leaving unnecessarily 
on account of racial or religious preju- 
dice, individual sensitiveness, lack of 
gerasp of the spirit animating the em- 
ployers. From the point of. view of 
maintaining continuity in the working 
foree and maximum efficiency, he may 
pay attention to early mental symptoms 
as well as to minor injuries, and may 
instruct the workers in the fundamental 
principles of mental as well as of physi- 
eal health. In regard to the foregoing 
problems, even where the point of view 
is determined by interest in maximum 
production, there is room for a consid- 
erable contribution from normal and ab- 
normal psychology. 

Both in relation to the wider problems 
of hygiene in industry, and in relation 
to the narrower problems of the medica! 
organization in the individual factory, 
the principles of mental hygiene can con- 
tribute something. On the other hand, 
mental hygiene finds no problems in in 
dustry of a simple type corresponding 
to the prevention of the special dangers 
and diseases in certain industries, where 
svmptoms are more or less specific and 
ean be satisfactorily correlated with a 
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specific noxious agent. Kven though one 
-ould isolate a single noxious factor, 
such as monotony, the reaction of the 


personality to this factor 1s infinitely 


variable, and one cannot compare it with 
‘he uniform reaction to lead with 
anemia, paralysis, and other symptoms. 
low far there may be anomalous men- 
tal reactions and reductions in personal 
efficiency and value in the different in- 
dustries, on the basis of specific factors 
in the environment open to modification, 
is a subject for research. 

The most satisfactory basis for dis- 
cussion of these matters would be fur- 
nished by the opportunity of making a 
survey of the actual ailments of the 
workers in a large industrial or mer- 
ecantile establishment; one could then 
see what percentage of these ailments 
is to be looked upon as frankly physi- 
cal, and to what extent the handicaps of 
the workers are determined by mental 
factors; one could also study the special 
conditions which determine the disor- 
ders and could ascertain whether these 
special conditions might be open to mod- 
ification. Unfortunately this direct 
method of attack is rarely possible. To 
make a psychiatric survey of a communi- 
Kven in an ordi- 
urban community a_ psychiatric 
survey has to be approached in the most 
wary manner. It is not only the laity 
who react in a startled and suspicious 


ty 1s not always easy. 
nary 


vay to anv suggestion of a mental sur- 
ev, but physicians, nurses, and social 
orkers, not emancipated from their 
iedieval inheritance, are alarmed at the 
rospect of any interference with their 
lationship to the community through 
‘introduction of this dread term men- 
'. If this is the attitude in an ordinary 
mmunity, still greater difficulty is en- 
untered in the usual industrial or- 
ization. The introduction of any in- 
‘tigation which may disturb the har- 


monious relationship between employer 
and employed, and which may arouse the 
suspicion of the employed, is out of the 


question. For our knowledge of the ex- 
tent of the role played by mental factors 
in the health problem in industry, we 
shall, therefore, have to depend very 
largely upon incidental data contributed 


by general physicians, surgeons, nurses,,. 
welfare workers, psychologists, and per- 


sonnel managers, who are without any 
special training in psychiatry. 
the great advances to be made in medi- 


cal organization in the factory is to see: 


that those doing the health work are 
alert to the personal or mental aspect of 
human ailments—that the physician has 
had adequate psychiatric training; that 
the nurse has had actual experience on 
psychopathic wards and outpatient de- 
partments; and that during their train- 
ing the social workers have stressed the 
psychiatric aspect of social work, and 
have become accustomed to deal with 
personalities in an analytic and purpose- 
ful way. 

In the absence of specific problems 
corresponding to trade poisoning in cer- 
tain industries, one may consider the 
application of the principles of mental 
hygiene to a large industrial or 
eantile establishment. 


mer- 
One may consid- 
er from this point of view, not merely 
what can be done in regard to the early 
recognition and treatment of mental fac- 
tors in the sickness or inefficiency of 
the employees, but also along what lines 
there are 


suggestions for preventive 


work. From this standpoint one con- 
siders the factory as a special communi- 
social unit, and studies how the 


health of the individuals, insofar as it 


tv or 


comes under the head of mental hygiene, 
ean be safeguarded. One most obvious 
requirement is that those in charge of 


the medical work of the factory or mer- 


eantile establishment shall have some in- 
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sight into the role of mental factors, and 
shall give the same diagnostic facilities 
and the same opportunity for early 
treatment in regard to conditions of 
mental origin as are given in cases of 
minor wounds or other physical ailment. 
Adequate psychiatric training is essen- 
tial for the medical officer in charge of 
such a department. Those in charge of 
the medieal department may well con- 
sider whether some simple instruction 
of employees in the mechanism of dis- 
turbine emotional factors or of other 
personal factors may not be as useful 
as instruction about infection and nutri- 
tion. If, however, one waits until the 
worker comes to the attention of the 
medical department of the factory, the 
period for preventive work has perhaps 
Betore the 
physician is consulted about a case, no 


been largely passed over. 


doubt there have been many minor in- 
dications that trouble is brewine, and 
that it would be well to study the situ- 
ation systematically. 

ICnowledge of the early indications of 
some disturbance in the personal life of 
the worker is only possible where there 
is a good system, where there is some 
personal contact with the workers, and 
where there is a methodical survey of 
the workers’ reactions. Thus the wage 
chart of a worker may begin suddenly 
to show strange ups and downs, and this 
irregularity may be a sufficient indica- 
tion of the necessity for a personal in- 
terview with the worker, in order to see 
what explanation there is for this varia- 
tion in production. Without such a wage 
chart the condition might pass without 
notice. In a personal interview it may 
be found that the worker is physically 
below par, or that there is some dis- 
turbine emotional factor on the floor 
where he is emploved, or that there is 
some distressing situation at home, the 
disturbance from which is earried into 
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the factory and interferes with the 
smoothness of production. In an inter- 
view, a worker with an erratic work- 
curve (wage chart) told of having to 
leave her two children at home with her 
sister, a woman of perverted habits. She 
wanted the children to be decent, and her 
distress over the home situation was 
seriously interfering with her efficiency 
in the factory. The home difficulty not 
infrequently involves a detailed study of 
personalities, and requires that definite 
readjustments be made. In order, there- 
fore, that the worker may be restored 
to normal efficiency it 1s necessary to 
pay attention, not only to her, but to 
the total situation; in industrial hygiene 
it is as impossible to separate the home 
from the factory, as it is in school hy- 
viene to divoree the school from the 
home. 

On the other hand, the disturbance in- 
dicated by the wage chart may be based 
upon emotional within the 
worker’s personality, which are not de- 
pendent upon the immediate situation. 
The disturbance may be an indication 
that the patient is not being successful 
in maintaining a stable balance between 
the conflicting elements which make up 
human nature; there may be an unstable 
or distorted personality on the basis of 
factors which, with suitable medica! 
help, may be harmonized. Difficulties ot 
this nature may sometimes be efficiently 
dealt with in a comparatively short 
time, and the worker may get a great 
deal of help which may not only be to 
the benefit of production, but which may 
also obviate the development of later 
mental symptoms of more marked type, 


conflicts 


and may prevent the occurrence of an 
attack of depression, with perhaps an 
attempt at suicide. Review of a group 0! 
suicides, with emphasis on the earls 
warning symptoms, might be useful. 
It is obvious, therefore, that if one is 
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roing to do good preventive work in re- 
-ard to such conditions one must be pre- 
jared to make a careful analysis of (1) 
he mental attitude of the worker, and 
here must be some organization for 
tudying (2) the home conditions of the 
vorker. Other indicators than the wage 
‘shart may be utilized. 

It may seem rather a big task to have 
‘o make a home investigation when a 
worker is absent for a very short period, 
or when there are minor indications of 
some disturbance; it may, at first sight, 
seem to be impracticable. The possibili- 
tv of home investigation will depend up- 
on the general organization of the in- 
dustrial establishment; if, on admission 
to the establishment, each worker real- 
izes not merely the details of the specific 
industrial task before him, but also the 
importance, from the point of view of 
production, of continuity and regularity 
of personnel, with elimination as far as 
possible of absenteeism, and if he real- 
izes that as a regular function of the 
organization there will automatically be 
a visit from the home-visitor or nurse 
in the ease of absence, he will not resent 
a visit from the nurse but will regard 
it as a natural sequence of absenteeism, 
and not as an expression of’ irritating 
paternalism or inquisitive philanthropy. 
The visitor, skilled in home adjustments, 
nay bring comfort into the domestie 
vackground of the worker, and the effi- 
‘leney and health of the latter may de- 
rive obvious gain; the situation is simi- 
ar to that in school hygiene, where the 
usturbine behavior of the child so often 
as its roots in the emotional problems 
' the home. It has, of course, been free- 

acknowledged that the sober, hardy 

orkman must have properly prepared 
od, a clean, well-conducted home, and 

healthy family; but the systematic 
ialysis of the personal factors so often 





of importance is rarely made. 

The symptom which attracts the fore- 
man or personnel representative or su- 
perintendent may not be an eccentricity 
of the wage chart, but it may be trucu- 
lent and dissatisfied behavior. The 
worker would scout the reference of the 
problem to the medical department, with 
which he has not been accustomed to 
associate the study of human behavior. 
In a frank conversation with some 
heutenant of the personnel department, 
however, he may open up his mind and 
tell of childhood experiences which have 
left memories of inferiority, of injustice, 
or of suspicion, and which are rendering 
it impossible for him to adapt himself 
happily and efficiently to his adult in- 
dustrial environment. Ile may be giv- 
ing to the industrial environment emo- 
tional values of childhood origin, and he 
eannot become tully master of his per- 
sonal resources until he has talked over 
this situation and digested it. The ehild- 
hood experiences of one such worker 
may make him a source of considerable 
disturbance to a whole group. 

A worker may perhaps attract atten- 
tion through ageressive radicalism and 
may prove a very disturbing element. 
One may, of course, look upon this as an 
economic or social problem to be dealt 
with by drastic methods; but it is more 
profitable to look upon it as a problem 
in mental health and to search for the 
roots of this exaggerated revolt against 
authority. Here again we may have to 
deal with the effect of childhood experi- 
ences. The worker as a child may have 
been brow-beaten by tyrannical parents; 
or the child may have seen parents 
heartlessly exploited; or the child may 
have suffered lean and hungry years in 
sight of children favored with all the 
comtorts of life. Perhaps the oratorical 
radicalism may have some other root; 
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it may be a mode of self-expression, 
somewhat grandiose and pretentious, in 
an individual dimly conscious of his or 
her own inferiority, but able to manage 
words with a certain facility. 

Unless there is realization, in the in- 
dustrial organization, of the importance 
of the mental attitude of the individual 
worker and some system for making a 
study of it when symptoms of behavior 
suggest the desirability of doing so, not 
only will production be interfered with 
but the opportunity of efficient preven- 
tive work in regard to the development 
of distorted personalities will be 
neglected. 

Kor good mental health and the full 
development of the human personality, 
satisfaction in work and a good balance 
between the energy expended in wage- 
earning and the energy devoted to the 
wider issues of life are important. ‘The 
question arises as to how tar the 
monotony of certain occupations is soul- 
deadening and harmful, and longing is 
expressed for the time when the individ- 
ual craftsman turned out by hand a 
product which imvolved a great variety 
ot operations demanding concentration 
and intelligent adaptation. The influ- 
ence of monotony of work, however, 1s 
not to be divoreed from consideration of 
the general situation and of the person- 
ality and the mental resources of the 
worker. Monotonous work is not neces- 
sarily disliked by workers. With the 
tasks handed over to the automatisms 
and the mind free to roam at will, dwell- 
ing on memories or anticipations§ of 
pleasant social experiences and recrea- 
tions, the healthy or unhealthy nature 
of the situation may depend upon the 
content of these memories and anticipa- 
tions. This will be determined by the 
possibilities of the environment and ex- 
tra-factory conditions. In order that the 


latter should be satisfactory it is im- 





portant that all useful cultural possi 
bilities should be developed; the menta! 
content during monotonous labor may 
he profitably cultivated by keeping’ al! 
employees informed about the various 
games, matches, concerts, and lectures 
available, and by encouraging them to 
utilize night-classes, libraries and dra- 
matic clubs or other healthy recreational 
and cultural opportunities. 

The extent to which a monotonous 
task can profitably be carried on is a 
matter for study in the various indus- 
tries. It might seem industrially more 
efficient to limit the worker to a special- 
ized task in order to get the perfect in- 
dustrial machine, but one must not ne- 
elect the natural cravings and interests 
of the human part of the machine; in 
order that this may remain efficient, and 
that the worker may be satisfied, it may 
be wise to combine two or three activi- 
ties. At the risk of reducing the ma- 
chine-like appearance otf the industrial 
apparatus one may even let the workers. 
move about in order to get some of the 
material for their task, instead of using 
a ‘*$4 oirl’’? (sit venia verbo!) to bring 
material to the operator. This may ap- 
pear to involve some waste of time in 
regard to individual operations, but it 
may in the long run be a gain of time 
if it tends to give the worker a feeling 
of less tension, and of greater satistac 
tion and eontent with working condi. 
tions. 

The problem of the duration of work- 
ing hours is not to be worked at purely 
as a laboratory or intra-mural problem. 
In regard to productivity it is not mere. 
ly a question of the fatigue of the special 
mechanisms involved in definite tasks: 
wider factors, such as the use of leisure, 
also require consideration. Fatigue is 
not merely a factor to be studied in re 
lation to the working period of the day 
or week; it must be studied in relation 
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» the total development of the individ- 
al and his relation to the environment. 
‘ne has to consider that there are two 
roduects from every factory: (1) the 
rade products; and (2) the personality 
{ the workers. There is apt to be in- 
sufficient realization of the deep-seated 
utellectual and esthetic cravings of 
‘hose who work at grimy tasks. Uni- 
-ersity extension lectures are nowhere 
more popular than among the miners of 
Durham and Northumberland. Before 
the eight-hour day was introduced, one 
could hardly expect the worker, exhaust- 
dat night, to utilize the best type of 
recreation. Fatigue would tend to base 
recreations, to unnatural stimulants, to 
vicious pleasures, to alcoholic and sexual 


indulgence, and to cheap and vulgar 
shows. With all the amenities and lux- 
uries of hte made familiar through the 
moving pictures and the illustrated pa- 
pers, there is probably at the present 
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day an even greater craving for fuller 
opportunities of leisure and a deeper 
dissatisfaction when no healthful out- 
lets are available. 

All these considerations may be em- 
phasized with equal force both from the 
point of view of production and from 
the point of view of the mental and 
spiritual advancement of the individual 
workers. If the foregoing principles ap- 
ply to the study of the reactions of the 
individual, group phenomena, such as 
strikes, also need to be studied from the 
same standpoint of psychological analy- 
sis; they may be dealt with on an ab- 
stract economic basis in which there is 
no mention of anything beyond markets, 
working hours, and wages, or they may 
be treated as a psychological problem 
in which we have to deal with a clash of 
temperaments with personal maladjust- 
ments and conflicts, and with many in- 
dividual problems of psycho-pathology. 
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Hit following experiments were un- run under a cover-glass supported 01 
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losis among printers. It is a well-known 
fact that the ineidence of tuberculosis 
among quartz miners is also high, and 
there is ample evidence to show that 
this is due to fibrotic areas in the 
lune generated as the result of the irri 
tant action of inhaled quartz particles 
which fail to be phagocytized. ‘The in- 
teresting question naturally follows: Is 
there a similar reaction when lead is 
inhaled by printers? Fenn (1, p. 580), 
in his research on the phagocytosis of 
carbon and quartz particles, provided an 
excellent technic for investigating this 
problem, since it was possible by his 
method to study the ingestion of various 
lead compounds and to determine the 
effeet of these compounds on the phago- 
cyte. 


MetHop 


his method, styled by Fenn (2) ‘‘the 
film method,’’ in his words, ‘‘consists in 
mixing together suspensions of leu- 
cocytes obtained from a peritoneal exu 
date in the rat,... particles of uniform 
sizes, serum, and phosphate mixtures 
for the control of the hydrogen ion con- 
centration.’ This mixture is allowed to 


*Received for publication May 381, 1928. 


These mixtures consisted of 0.2 ¢.c. suspension 
of particles, 0.2 ¢.c, fresh rat serum, 0.4 ¢.c. washed 
leukocytes in suspension, 0.1 ¢.c. sodium chloride 


Los 








made of the relative numbers of parti 
cles of the two sorts originally present. 
The preparation is then placed on the 
warm stage and, as the leucocytes cre 

about on the shde ingesting the parti 
cles, counts are made of the numbers 
of ... particles which appear inside the 
eells.’”? 

The chances of collision of cells and 
particles by this method are directly pro 
portional, at any given moment, to the 
size of the particle, if the number of 
active cells are the same. In order to 
secure as uniform conditions as possible, 
it was therefore desirable to compare 
particles of metallic lead and basie lead 
carbonate of the same size. A suspen 
sion of commercial basic lead carbonat 
in distilled water, to which 0.1 per cent. 
acacia had been added in order to pre 
vent agglutination of the particles, was 
prepared. The non-ageglutinated par 
ticles seeured after allowing the mai 
mass of the suspension to settle out pre 
sented a fairly uniform size (1% to ! 
micron). Similarly a suspension of th 
metal was obtained, by shaking up dr 


4.5 per cent., 0.1 «ec. M/10 phosphate buffer m-» 
ture pH=7.3. 


2In these experiments the particles used we! 
very minute, and it was impossible to obtain 4 
accurate count of those inside the cells. Hen 
in every case counts were made of those outsi 
the cells, where they could be clearly distil 
guished. The experimental error in counting wa 
reduced to a minimum by counting large numbe! 
of particles. 
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,wdered lead in 10 liters of distilled 
ater, siphoning off the supernatant 
sid after one to two hours, concentra- 
ing the suspended lead by centrifugal- 
ation, and then resuspending the lead 
. distilled water to which 0.1 per cent. 
eacia had been added. These particles 
asried from 2 microns to 4 micron in 
ze. Fenn (1, p. 585) derived the for- 
P, where C = the diameter 
C + P; 
f the cell, and P = the diameter of the 
article. This formula represents the 
ratio by which it is necessary to multiply 
‘he actual rate of phagocytosis in order 
io correct for size of particles. This 
ratio is very nearly 1, however, and is 
therefore negligible. 
Since metallic lead is readily oxidized, 
a suspension of it contains variable 
amounts of the oxide and the hydroxide 
of lead. Part of these compounds 1s con- 
verted into lead carbonate by the carbon 
dioxide of the air and water. That the 
main mass of suspension still consists of 
metallic lead, is obvious from the black 
‘olor of the mass of particles when al- 
lowed to settle out. Further oxidation 
ind lead carbonate formation are pre- 
ented by keeping the suspension in bot- 
les tightly stoppered except while sam- 
ples are being removed. 
it was not necessary, in fact not even 
iesirable, to secure a suspension of 
ire metallic lead, for these changes 
conversion to carbonate, ete.) also oe- 
ir in the physiological environment of 
cell, particularly in the pulmonary 
veo, where the phagocytosis of solid 
ticles largely occurs. Fenn noted in 
s laboratory that simply breathing 
cr a suspension of metallic lead is 
ficient to give a very definite white 
cipitate, which microscopically shows 
rticles of lead oxide, lead hydroxide, 
d lead carbonate, as well as of metallic 


d itself, 
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OBSERVATIONS 


Comparison of Rates of Phagocytosis 
of Metallic Lead and Basic Lead 
Carbonate 


A series of six experiments directly 
comparing the rates of phagocytosis of 
metallic lead, as above prepared, and 
basic lead carbonate was done. Sepa- 
rate chambers on the same slide were 
made for each compound, but the cells 
Uniform 
results were obtained, which showed 
that the metal is much less readily en- 
ceulfed by the leukocyte than is the car- 
bonate salt. Figure 1 represents a typi- 


used were from the same rat. 


cal experiment illustrating this point. 
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Itc. 1.—Rates of phagocytosis of metallic lead 


and basic lead carbonate. 
A=metallie lead. }—basic lead carbonate. 


The results which are listed in Table ] 
represent the final percentages of parti- 
cles disposed of by the leukocytes at the 
end of a period of two to three hours 
(except for the figures of Experiment 6 
taken at the end of one hour and fifteen 
minutes ).° 

8The varying final results in the different ex- 
periments are probably due to a variable capacity 
for phagocytosis by leukocytes coming from dif- 
ferent rats. It is not unusual to find cells from 
one rat very much slower in action than those 


from other rats. 
of carbon particles, for example, is so rapid that 


In some cases the phagocytosis 
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It may be of interest to note here that 
two additional experiments were done 
which showed that the rates of ingestion 
of the chromate and of the sulphide of 
lead were comparable to that of basic 


lead carbonate. 

The average total ingestion of basic 
lead carbonate is nearly twice as great 
TABLE 1—COMPARISON OF THE TOTAL 


FINAL INGESTION OF METALLIC LEAD 
AND BASIC LEAD CARBONATE PARTICLES 


phagocytic activity by virtue of a great 
er solubility than is possessed by man- 
ganese silicate. If solubility can affect 
phagocytic activity it is only likely that 
this can take the form of a negative as 
well as a positive influence, and, there- 
fore, that metallic lead, being more sol- 
uble (in the presence of serum)* than 


TABLE 2.—EFFECT OF VARYING CONCEN 
TRATIONS OF LEAD CHLORIDE ON THE 
PHAGOCYTOSIS OF BASIC LEAD CARBON. 
ATE 








Percentage of Particles 
Ingested 


Exp. No. Time in 
Hlours Metallic | Basie Lead 
Lead Carbonate 
2 26 72 
~ o tS o2 
3 2% 38 70 
i 2% LZ so 
” 3 34 51 
6 1, 3 25 
Average percentage 26.5 DOLD 








as that of metallic lead. One naturally 
seeks an explanation for this. In the 
case of carbon and quartz above reterred 
to, Haldane (see Drinker (3)) suggested 
that particles with considerable ad- 
sorbed material on their surtaces, such 
as carbon, exerted a specific attraction 
for leukocytes, a faeulty not possessed 
by non-adsorbing substances like quartz. 
Kenn was able to show that ‘‘the en- 
counters of cells with quartz and carbon 
are purely fortuitous’’ (2), and that the 
factor determining the greater ingesti- 
bility of earbon must be due to some 
phenomenon, ‘‘not necessarily surface 
tension,’’ existing at the interface be- 
tween the particle and the leukocyte or 
the particle and the solution. In demon- 
strating the ready ingestion of manga. 
nese dioxide as contrasted with manga- 
nese silicate, however, he supposed that 
manganese dioxide excites pronounced 


it is impossible to follow the curve of the reaction, 
while in others it is exceedingly slow. 











No. 


| Percentage of Particles Ingested after Exposure 
| 








Py to following Concentrations of Lead Chloride? HE ' 
a | Z55 
0.002 | 0.005! 0.01 0.03 | 0.07 | 0.141 0.24 0.28 = 

| | | | | | BSE 
1 5 78 SO ~-- 73 SO — — 15 
2 0) : TH 6S OF 97 — — 20 
3 SO —— D3 a5; 60 62 — 25 
4 8S —- — 2 26 3 — £50 #50 








onceentrations are given in milligrams of lead chloride per 
cubie centimeter of suspension. 
“Control. 


basic lead carbonate, may exert a re- 
tarding or toxic effect on the leukocyte. 
Accordingly, it becomes desirable to 
find out whether soluble lead can affect 
the activity of the leukocyte. 

In order to determine this, four ex- 
periments, listed in Table 2, were done. 
The leukocytes were exposed to differ 
ent concentrations of lead chloride in 
isotonic saline solution, for varying pe- 
riods of time, and were then suspended 
in the usual mixture. Lead chloride was 
included in the suspension in the same 
concentration as that to which the cells 
were previously exposed. It was neces 
sary to omit the phosphate ordinarily 
added as a buffer in the preparations in 
order not to precipitate lead phosphat: 
The serum was sufficient to preserve th: 

4Metallic lead itself is very insoluble but in the 
presence of oxygen and water its ready conversio! 
into lead hydroxide occurs, and this in serum 
rapidly dissolved to form a lead-protein compoun 
which is very soluble. In this way 1.203 gm. © 


lead can be dissolved in 1 liter of blood serum & 
25°C. (Fairhall, unpublished data.) 
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sual pH of 7.3. Basic lead carbonate 
articles were used for measuring the 
tivity of the leukocytes exposed to 
ead chloride. In each experiment four 
lifferent concentrations of lead chloride 
yere used, but the time of exposure to 
‘he lead chloride was the same for all 
eoneentrations. A control suspension 
‘containing cells which were treated ex- 
actly as those exposed to lead chloride, 
except that normal saline was substi- 
‘uted for the lead solution at all points, 
was observed at the same time in each 
set of observations. 

It will at once be evident that the 
presence of lead chloride in a concentra- 
tion as low as 0.005 mg. per cubic centi- 
meter is sufficient to retard phagocyto- 
sis, and that the longer the cells are ex- 
posed to the lead chloride before phago- 
cytosis the more injury they suffer. Why 
this did not oceur in the higher concen- 
trations in Experiment 2 is not clear. 
Suffice it to say, however, that the effect 
of lead chloride is not in proportion to 
the amount used. This is not surprising 
when one considers that serum is pres- 
ent in the preparation, and the sto- 
icheiometrical relationship of serum 
proteins and lead is still undetermined, 
since, as Fairhall has found in this lab- 
oratory (unpublished), an excess of 
either lead chloride or serum in a mix- 
ture of the two will redissolve any pre- 
cipitate of a lead-serum compound pre- 
viously formed. 


i fhect of Metallic Lead on the Ingestion 
of Carbon 


Inasmuch as soluble lead can hinder 
»vhagocytosis, it follows, therefore, first, 
hat metallic lead, which readily fur- 
ishes large amounts of a soluble lead- 
erum compound, retards its own phago- 
‘ytosis by virtue of a toxic action on the 
eukoeytes; and, secondly, that the toxic 


$ 


principle must also simultaneously 
militate against the disposal of other 
substances that might be present in the 
same environment. That metallic lead 
itself is poorly ingested has been dem- 
onstrated above. The effect of metallie 
lead on the phagocytosis of other sub- 
stances can be conveniently tested by 
noting the effect of metallic lead and of 
basic lead carbonate on the phagocytosis 
of carbon. For the purpose of observ- 
ing this, carbon particles of a uniform 
size (3 to 4 microns) from a suspension 
prepared by Fenn were used. To the 
carbon in two separate suspensions 
metallic lead and basic lead carbonate, 
respectively, were added, and in a third 
control suspension no lead compound 
was added. Counts of the carbon parti- 
cles in the three suspensions were made 
in the usual way. 

In seven out of ten experiments, each 
lasting two hours, it was found that ear- 
bon is less readily phagocytized in the 
presence of metallic lead than in the 
presence of basic lead carbonate or in 
the control (Table 3). Experiments 2 and 
9 showed no appreciable difference in 
the rates of phagocytosis of the carbon 
in the presence of metallic lead and of 
basic lead carbonate; while an unlisted 
experiment gave a doubtful result. Even 
if these two experiments are included, 
the average still demonstrates the facet 
that lead exerts a depressing effect on 
phagocytosis by white blood cells. In- 
deed, one can readily appreciate from 
Figure 2 that the toxicity of metallic 
fead must be due to dissolved lead, as 
it is dificult to imagine how metallic 
lead, from the very onset of the experi- 
ment, before any appreciable amount is 
phagocytized, could otherwise hinder 
the phagocytic process for carbon. 

It is highly probable that the injurious 
effect of metallic lead is not limited to 
the phagocytes, but also applies to other 
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tissues with which it comes in contact. 
This has been shown to be the case for 


the red blood cells (4). 


TABLE 3.—EEFFECT OF METALLIC LEAD AND 
BASIC LEAD CARBONATE ON THE PHAGO- 
CYTOSIS OF CARBON 








Percentage of Carbon Particles Ingested 


Exp. Ni In Presence In Presence of In Control 
Metallic Basic Lead without 
lead Carbonate Lead 
| GS 9S — 
2 44 4 86 
2 1 T6 70 
TO SS S1 
5 6 GS o4 
6 59 S6 S9 
7 31 76 76 
x 20 D1 26 
Me 77 SO 72 
Average 54.0 79.7 69.2 








(Basic lead carbonate seems to exert a favorable 
influence on the phagocytosis of carbon since the 
average percentage of the total ingestion of carbon 
is higher in the basie lead carbonate mixture 
than in the earbon controls. ) 
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ic. 2.—Rates of phagocytosis of metallic lead 
and basic lead carbonate, and effect of these sub- 
stances on phagocytosis of carbon. 

A=metallic lead. I;=carbon in presence of 
metallic lead. C—basic lead carbonate. D—ecar- 
bon in presence of basic lead carbonate. 


DISCUSSION 


Briefly, the foregoing experiments 
have demonstrated that, i vitro, 
1. Metallic lead is poorly phagocy- 
tized as compared to other lead salts; 
2. Lead chloride in minute amounts 


is capable of hindering phagocytosis; 


3. Metallic lead hinders the phago 
cytosis of carbon particles; 

4. heretore, the relatively great 
solubility of metallic lead in serum 
probably accounts for its own poor in 
gestibility, and for the slower phago 
cytosis of carbon in the presence of 
metallic lead. 

These facts permit some speculation 
upon the conditions prevailing in the 
lungs with regard to the disposal of in- 
haled lead particles. At the outset, it 
is granted that phagocytosis in the lung 
is accomplished largely by endothelial 
leukocytes (8) and not by polymorpho- 
nuclear leukocytes, such as were used in 
these experiments. Fenn found, how- 
ever, that phagocytes scraped from the 
lung surface give quantitative results 
for phagocytosis entirely comparable to 
those secured with polymorphonuclear 
leukocytes from the peritoneal exudate 
in the rat (see Drinker (3)). It is not 
unjustifiable, therefore, to argue the 
analogy of the phagocytic process in 
this respect as done i vitro with that in 
the lung alveoli. 

It is already known that carbon stim 
ulates phagocytic activity, and is there 
by readily removed from the lung by 
endothelial (3). Siheious 
dusts, however, remain unphagocytized 
in the pulmonary alveoli and sufficient 
experimental evidence has been accu- 
mulated to warrant the statement that 
a compound so unphagocytized leads by 
virtue of its irritant action to the pro- 
liferation of fibrous tissue (3). What 
happens to inhaled lead compounds? 
In vitro basie lead carbonate is rapidly 
engulfed by leukocytes, and in this lab 
oratory Minot (5) has noted that the 
same occurs in the pulmonary alveoli. 
On the other hand, the relatively poor 
phagocytosis of metallic lead in vitro 
suggests that it is not phagocytized well 
in the lung, and may give rise to fibro- 


leukocytes 
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s, as does quartz. 

In this connection it is interesting to 
1 ote that laborers inhaling basic lead 
n : irbonate and other lead salts are rela- 

vely free from tuberculosis, but suffer 

rom lead poisoning; whereas printers, 

f ho inhale metallic lead dust, rarely ex- 
ibit symptoms of lead poisoning but, 

ke quartz miners, show a high inei- 

ence of tuberculous disease, a disease 

‘o which fibrosis predisposes (3). In 


; other words, it appears possible that 
those lead compounds which are readily 
) 

nhagocytized become absorbed and cre- 


ate the typical lead poisoning syndrome, 
whereas unphagocytized lead acts like 
quartz and gives rise to fibrosis with its 
possible sequelae, one of which is tuber- 
(The toxie action of metallic 
lead may further contribute to fibrosis 
by effects on the alveolar tissues similar 
to those on the phagocyte and the red 
blood cell.) 

One would expect, if this were true, to 
find in vitro that metallic lead is as poor- 
ly phagoeytized as quartz; and also, 
that basie lead carbonate, being more 
readily ingested than metallic lead, 1s 
more readily than 
Accordingly, a direct compar- 
ison was made of the relative rates of 
ingestion, first, of metallic lead and 
quartz (powdered silica such as was 
used by Fenn in his experiments), and, 
carbonate and 


eculosis. 


likewise ingested 


quartz. 


secondly, of basic lead 
quartz. 
In Table 4 one will note that a series 
of three experiments showed an average 
igestion of 25 per cent. of metallic lead 
articles as contrasted with an average 
igestion of 51 per cent. of quartz par- 
cles in the same period of time.’ An- 
ther series of five experiments gave an 
verage ingestion of 55 per cent. for 
isic lead carbonate particles, and of 7 


These particles varied from 1% to % micron 
Size, 
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per cent. for quartz particles, in the 
same period of time. It is therefore ap- 
parent that basic lead carbonate is 
phagocytized more readily than small 
quartz particles, and that metallic lead 
is ingested at least as poorly as quartz. 
It is desirable, however, to observe di- 
rectly the effects of the inhalation of 
lead dust, and the results of such ex- 
periments will be reported later. 

One may, of course, justly contend 
that since carbon dioxide will precipi- 
tate soluble lead, as stated above, all the 
metallic lead will eventually be precipi- 
tated as lead carbonate by the alveolar 


TABLE 4-—COMPARISON OF PHAGOCYTO- 
SIS OF QUARTZ AND METALLIC LEAD 








Percentage of Total Particles Ingested 
by the Leukocytes in a Period of 2 


Exp. No. Hours 
Metallic Lead | Quartz 
1 2) DG 
2 12 37 
2 44 G1 
Average 2.0 a) es 








carbon dioxide, according to the equa- 
tion : 


Pb proteinate(7)+CO~H.O3 PbCO,+H, protein (?) 


leaving no metallic lead to be phago 
cytized or to cause fibrosis.® It is diff. 
cult, however, to understand how carbon 
dioxide could 
what the phosphate already added as a 
buffer in these experiments was unable 


remove from solution 


to remove—namely, the toxic agent 
since lead phosphate is much more in 
soluble than lead carbonate.’ 


(CONCLUSIONS 


1. Metallic lead is less readily phago 
eytized than is basic lead carbonate. 

2. The presence of soluble lead in- 
jures the leukocyte, as is demonstrated 

6Lead carbonate does not differ essentially from 
basie lead carbonate in rate of phagocytosis. 


7Solubility: lead phosphate, 0.13 mg. per liter; 
lead carbonate, 19.00 mg. per liter. 
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by its diminished ability to engulf car- 
bon particles. 

3. In the presence of metallic lead 
the phagocytosis of carbon is retarded. 
This is probably due to the toxie effect 
of soluble lead present in solution. 

4. The rate of phagocytosis of metal- 
lic lead by leukocytes is of the same low 
order of magnitude as that of quartz. 

». These faets suggest that, like 
quartz, metallic lead remains as a for- 


eign body in the lung and excites fibro 
SiS. 


I am deeply grateful to Dr. Alice 
Hamilton, Dr. J. C. Aub, and Dr. C. K. 
Drinker for their very kind interest, ad 
vice, and guidance; and to Dr. Wallace 
QO. Fenn, not only for instruction in the 
technic of the experiments, but for en 
couragement and for many stimulating 
suggestions. 
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VENTILATION : REPORT OF THE NEW YORK STATE 
{MISSION ON VENTILATION. Cloth. Pp. 620 with 
pendix, tables, and figures. New York: E. Fr. 
nitton & Company, 1925. 


In studying this volume one cannot but 
vonder at the selection of so modest a title. 
It is true that Dr. Winslow and his assoei- 
ates have presented a report, but its nature is 
so encyclopedic that the work deserves a far 
more ambitious title. The professed object 
of the commission at its inception was the 
investigation of ventilation as applied to 
schoolrooms. In addition to the purely en- 
cineering side of the problem the commission 
considered the general physiological and psy- 
chological aspects of temperature and humid- 
itv in various combinations, of ‘‘earbon di- 
oxide, organic effluvia, and other chemical 
constituents of the air of occupied rooms’’ in 
their relation to ventilation. The report is 
therefore divided into two parts, physiology 
and engineering as applied to ventilation. 

The fifteen chapters of Part I (pages 1-199) 
comprise ‘‘a study of the physiological sig- 
nificance of the various factors in ventilation, 
with special reference to the effects of air 
conditions on health, comfort, and efficieney.’’ 
(‘hapters 1 to 4 are devoted to an historical 
account of ventilation with an admirable 
bibhography, a general plan of the work of 
Part I, and a deseription of the commission’s 
physiological and psychological methods of 
study. Most of the remaining eleven chap- 
ers are complete reports in themselves. All 
' them are ably presented and at the end of 
ach chapter appear concise summaries and 
conclusions. Chapter 15 gives ‘‘General Con- 
‘sions in Regard to the Effect of Various 
\tmospherie Conditions upon Health, Com- 
ort and Efficiency.’’ After suggesting (page 

and elsewhere) 68°F. or below as the 

eal indoor temperature, the report states: 

“We have found that even slight overheat- 

x (24°C, or 75°F.) produces the following 

rmful results : 

‘(1) A burden upon the heat-regulating 

stem of the body leading to an increased 

iy temperature, an increased heart rate 


] 


da marked decrease in general vaso-motor 


{) 


tone as registered by a fall in the Crampton 
index. 

‘*(2) A slight but definite increase in rate 
of respiration. 

‘“(3) A considerable decrease in the 
amount of physical work performed under 
conditions of equal ineentive—a_ decrease 
amounting to 15 per cent. at 24°C. (75°F.) 
and to 28 per cent. at 30°C. (86°F.). 

**(4) A markedly abnormal reaction of the 
mucous membranes of the nose, leading ulti- 
mately to chronic atrophie rhinitis and when 
followed by chill, producing a moist and dis- 
tended condition of the membranes ecaleu- 
lated to favor bacterial invasion. In animals, 
exposure to high atmospheric temperatures, 
particularly when followed by chill, dimin- 
ishes the protective power of the blood and 
markedly inereases general susceptibility to 
microbie disease. 

‘*For these reasons we believe that the dan- 
vers of room overheating are far more serious 
in their effeet upon human health and effici- 
ency than has generally been realized, and 
that every effort should be made to keep the 
temperature of the schoolroom, the workroom 
and the living-room at 20°C. (68 °F.) or 
below. 

‘“With regard to the problem of relative 
humidity, it is obvious that a high moisture 
eontent combined with high temperature must 
always be harmful, since the effect of a humid 
atmosphere is to decrease the heat loss from 
the body by evaporation. 





The specifically 
harmful influence of unduly low humidity 
which has been postulated by various writers 
upon ventilation has, on the other hand, not 
been apparent in our investigations. 

‘“Our results in regard to the influence of 
the chemical composition of vitiated = air 
(temperature and humidity effects being ex- 
eluded) have been generally negative. In 
two respects, however, our experiments sug- 
gest that some chemical constituents of the 
air of an unventilated room may be objec- 
tionable. Such air appears (1) to decrease 
the appetite of human subjects for food and 
(2) to diminish substantially the amount of 
physical work performed under conditions of 
equivalent stimulation.”’ 
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It will be noted that paragraph (2) in re- 
card to increase in rate of respiration seems to 
be in contradiction to the findings of MeCon- 
nell and Houghten' recently reported in the 
co-operative work of the Bureau of Mines and 
the American Society of Heating and Venti- 
lating Engineers. The fact that MeConnell and 
Houghten were working with temperatures 
over 90°F., while the commission used 86°F. 
as its highest temperature, does not explain 
the diserepaney. MeConnell and Houghten 
respiration over extended periods 
and at times entirely unknown to the subject. 
The commission appears to have taken ree- 
ords in a similar manner (pages 39-40, 72) 


reeorded 


but its method is not so fully explained. 
Houghten and Yagloglou’s work? indicates 
that a temperature of 68°F. at 20, 50, and 75 
per cent. relative humidity gives three dis- 
tinetly different temperatures, so far as our 
The eommis- 
sion found a notable decrease in the amount 
of work performed at 75° F., and a still great- 
., aS compared with 68°F. 
[t will be interesting to see whether physical 
work in regions of Houghten and Yagloglou’s 
‘equal comfort lines’’ 
the 


as O35, (8, 


sensory feelings are concerned. 


er deerease at 86°F 


checks the findings of 
for just such temperatures 
and 86. 

During the winter months unduly low hu- 
midity eonditions are experienced in 


eOMMISSION 


resl- 
deneces, publie buildings, and schools of a 
large section of the United States. 
nificant that 
that 
harmful to schoolehildren. 
The see 


029 


[t 1s sle- 
the commission obtained no evi- 
dence this condition was in any way 
nd part of the report (pages 200- 
comprises twelve chapters and is de- 
voted to **A Study of the Practical Results 
Achieved by the Various Methods of 
Schoolroom Ventilation.’’ Part I 
most of these chapters are reports in them- 
and 
SIX 


lse of 


As 1n 


and 
were 


eontain summaries 


selyes eonelu- 
different studied 
in some detail: (1) window ventilation alone; 
(2) window ventilation with gravity exhaust ; 


‘} window with 


SIONS. 


methods 


ventilation fan exhaust: 


McConnell, W. J... and Houghten, Fk. C.: Some 
Pivsiological Reactions to Iligh Temperatures and 
Humidities. Jour. Am, Soe. Heating and Venti- 
lating Eng. 1928, 29, 131. <Abstracted in Tus 
Jour., 1923-1924, 5, OS. 

‘Iloughten, F. C.. and Yagloglou, C. P.: Deter 


mining Equal Comfort Lines. Jour, Am. Soc, Heat- 
ing and Ventilating Eng., 19235, 29, 165. Abstract- 


ed in Tuts Jour., 1925-1924, 5, 69. 








THE JOURNAL OF INDUSTRIAL HYGIENE 





ate 





(4) plenum supply with gravity exhaust 
(9) plenum supply with fan exhaust; (6 


re-circulation. 

In regard to (1) the commission state 
‘“We are definitely of the opinion that fi 
the average schoolroom which is to be main 
tained, not as an open-air room, but at 
temperature between 65°-70°F. (18.3°-21.1 
C.) ventilation by windows alone without 
the use of exhaust ducts is generally likely 
to prove unsatisfaetory.’’ 

Under ( it states, ‘‘The records at our 
disposal furnish ample evidence that this 
system of ventilation can be used under a 
wide variety of weather conditions with ex- 
cellent results, so far as the comfort of the 
occupants of the schoolroom is concerned. 


(2) 


The method avoids the stagnation character- 
istic of ventilation by windows alone but 


does not of course accomplish aeration as 
complete as that characteristic of plenum 
ventilation. So far as temperature 
is concerned the conditions characteristic of 
this type of ventilation seem to be the most 
agreeable with which we have dealt in 
studies. 


in the 


our 
With the temperature maintained 
neighborhood of 67°F. (19.4°C. 
a schoolroom of this type produces a very 
agreeable impression upon the occupants and 
upon visitors.’’ 

Method 
the following conditions: 








(3) is considered successful under 
(a) if the radiators 
are located ‘‘ beneath the windows and exten 
for the full width of the windows from which 
the air supply is to be derived;’’ (b) if de 
fecting boards are placed at the bottom of the 
windows; (c) if the windows open easily from 
the bottom and have firmly attached roller 
shades; (d) if ample exhaust ducts are placec 
on the opposite wall; (e) if the schoolroom 
is not overcrowded; (f) if a large thermon 











eter is located in a conspicuous place an 
68°F. is indicated as the danger point. Th 
method was not found to be satisfaetory f 
schoolroom ventilation. 

Method (4) was judged satisfactory bi 
required careful attention to avoid the dai 
ver of overheating the incoming air, 

The commission’s findings on method (0 
are not positive but indicate the same genera 
conditions as tor (4 
heating. 


that is, danger of ove! 


The eonelusions in regard to method (6 


involving washing air in the process of © 
\ 
Aug., | 








BOOK REVIEWS 


ylation are especially interesting. 

“Two groups of children were exposed 

ring the school hours of a period of sixteen 

eks respectively to plenum air with an 
erage relative humidity of 28.7 per cent., 
4d to humidified air with an average relative 
midity of 42.3 per cent. Careful observa- 
ns of the physical development of the pu- 

; at the beginning and end of the experi- 

ntal period and detailed examinations for 

detection of physical defects revealed no 

‘ference between the two groups. KExhaus- 

ve psychological studies of mental attain- 
ments and progress in school work again 
failed to reveal any difference between the 
two groups.”’ 

Admitting the substantial fuel saving re- 
sulting from ventilation by re-circulation, the 
commission states that, ‘‘In the schoolroom, 
however, while re-circulation does not seem 
likely to damage the health of the pupils, the 
possibilities of discomfort and complaints de- 
ter us from recommending this method as a 
ceneral procedure.’’ 

The value of this report is greatly en- 
hanced by its carefully prepared index. While 
ihis comprises but thirteen pages it is suffi- 
cient and the reader has no difficulty in find- 
ing the subject desired. Seventy-three pages 
of tabulated experimental data comprise the 
appendix and relieve the reader of the un- 
welcome task of digesting these data while 
studying the report as a whole. Any library, 
vhether private, educational, or public, if 
concerned with the subject of ventilation, can 

afford to be without this report.—Philip 


Drinks Y. 


SOCIAL WoRK IN HOSPITALS: A CONTRIBUTION TO 
‘ROGRESSIVE MEDICINE. By Jda M. Cannon, R.N.., 
ief of Social Service, Massachusetts General 
spital. New and Revised Edition. Cloth. Pp. 
( With appendix and index. New York: Russell 
Foundation, 1923. 


the present book the author’s aim has 





been *‘not to present a text-book on hospital 
social work, but to offer an interpretation 
of what the movement means to some of those 
most closely in touch with it.’’ For this pur- 
pose her identification with the movement al- 
most from its beginning seventeen years ago 
and her position as chief of social service in 
the Massachusetts General Hospital amply 
qualify her. The chapters devoted to medi- 
eal-social problems present by means of well- 
described eases a very clear picture of what 
social work in hospitals is, and leave the read- 
er to share in Miss Cannon’s enthusiasm, 

The hospital social service movement has 
found justification in the fact that the prob- 
lems of many hospital patients are social as 
well as medical. The best of medical skill 
may fail in its object of restoring the sick 
individual to a position of independence and 
usefulness in the community if the economic 
and industrial conditions which affect him 
are not taken into account and dealt with as 
earnestly as the pathological condition itself. 
The measure of control of these conditions 
which may be enjoyed in an industrial com- 
munity should interest the industrial physi- 
cian in such a suecessful adjunct to his hos- 
pital equipment. While the book pays no at- 
tention to the special problems of industrial 
medicine, chapters devoted to organization, 
records, co-operation with other social ser- 
vices, ete., will be found suggestive for those 
interested in adapting hospital social service 
to the needs of industry. 

The present revision of the book, first pub- 
lished ten years ago, incorporates develop- 
ments of the movement during a period which 
has seen a fourfold increase in the number 
of social service departments in the United 
States and in which such work has passed 
from the experimental stage into recognition 
as an essential part of a modern hospital.— 
A Ifred 7. Red fi ld. 
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Announcement of 


THE AMERICAN ASSOCIATION OF INDUSTRIAL PHYSICIANS 
AND SURGEONS 


Tentative Program 
Eighth Annual Meeting, October 1, 2 and 3 


Monday, October 1—10 A. M. 
Statler Hotel, Buffalo, N. Y. 
BUSINESS MEETING 
Remarks by the President. 
Report of Seeretary-Treasurer. 
Reports of Committees. 
Appointment of Nominating Committee. 


r * 
>. . . . 


Monday, October 1—2 P. M. 
Statler Hotel 

Joint Session of the Association and the National Safety Council. There will be three 
speakers, two from the Safety Council and one from the Association, probably Dr. William H. 
Mavo. 

Tuesday, October 2—10 A. M. 
Statler Hotel 

Joint Session of the Association and the Health Service Section of the National Safety 
{‘ouneil, 

1. Hear Hazarps 1x INpustry. G. H. McKinstry, M.D., Pittsburgh, Pa. 

2. Subject to be announeed. LL. Rk. Thompson, M.D., U.S. P. H. S., Washington, D. C. 

3. RELATION OF THE INDUSTRIAL SURGEON TO THE FAmiInty Puysicran. Harold G. Gid- 
dings, M.D., Boston, Mass. 

4, ReLaATION oF INDUSTRIAL MEpICINE TO GENERAL Practice. Harry Meyers, M.D., 
Mansfield, Ohio. 

Tuesday, October 2—2 P. M, 
Statler Hotel 

Joint Session of the Association and the Safety Couneil. 

1. Annual address of the President. (CC. FE. Ford, M.D., New York City. 

» Some or THE NEWER INpDUstTRIAL Porsons. Alice Hamilton, M.D., Boston, Mass. 

3. SURGERY OF THE SPINE. Russell Hibbs, M.D., New York City. 

4. The PREVENTION, REHABILITATION, AND MEDICOLEGAL ASPECTS OF SPRAINED BACK. 
John N. Bussin, M.D., Newark, N. J. 

5. Snovip THE PuysiciAN Go ovuT INTO THE PLANT? Wade Wright, M.D., Boston, 
Mass. 

Wednesday, October 3—10 A. M. 
Municipal Hospital 

Joint Session of the Association and the Health Service Section, National Safety Counc! 

1. Subject to be announced. W. Lows Hartman, M.D., Detroit, Mich. 

2 THe PuystcaL EXAMINATION OF 50,000 GARMENT WorKERS. George M. Price, M.D. 
New York City. 

3. Subject to be announced. Daniel C. O'Neil, M.D., Binghamton, N. Y. 

{ Furruer Srupies In Mentau HyGiene ix INpustry. Frederick W. Dershin 
V.D.,. Cleveland, Ohio. 

Wednesday, October 3—1 P. M. 

Luncheon at the Municipal Hospital, followed by a study of the Hospital’s rehab 
tation service and facilities. 

Members are advised to make applications for hotel reservations as early as poss! 
directly to the New Statler Hotel, Buffalo. Reduced railroad fares to Buffalo will 
possible by applying to Dr. W. A. Sawyer, Seeretary-Treasurer, for a reduced fare | 
tificate. 


J. 
Aug., 








